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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a light emitting 
high polymer materials useful for a macromolecuie EL 
device, and the light emitting high polymer having many 
kinds of energy band gaps and wide coloring range. 

SOLUTION: The device is constituted with an anode, a 
cathode, and containing light emitting high polymer 
material arranged between the anode and the cathode, 
and the high polymer luminescent material contains a 
diphenyl anthracene system conjugated polymer 
expressed with the formula. 
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m^b>-) (PPP) (Grem, G. et al. , Adv. Mater. 
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* [ft 5] 



*°.'J?- 1 R,=R 3 =R 5 =H,R 2 =2- ifWM*& , ReCN, p=0 

*' >J7- 2 R,=R 3 ^R 5 =H, R 2 =2- Ifj^vm> , R,=CN, p=1 

Jf'jT- 3 R]=R3=R4=R 5 =H > R 2 =2-i?^>ftt+y 5 p=0 

*° 'J"?- 4 R,=R 3 =R 4 =H, R 2 =R 5 = ^yjlctfy , p=0 

*" U7- 5 R 1 =R J =R 4 =H ) R 2 =R 5 = ^ Wjf , p=] 

rU7- 6 R,=R 3 =H, R 2 =R 5 ='v|fv^y,p=l I R 4 =CN > p=l 

r ( J7- 7 R,=R 5 =^ y fc , R 2 =t-7* n, R 3 =R.=H, p=l 



*° "J7- 8 R,=R 3 =R 4 =R 5 =H, R 2 =2- IfJ^yJI^y , R 6 = n - 

*"y7- 9 R|=R 3 =R6=H, R 2 =2- if JlA+y^y ,R4=CN, 

R 3 =n- W/kftif 
*°'J7- 10 R,=R 3 =R4=R 6 =H,R 2 =2- i^iMy»«y , R s =n- 

r'j7- 11 R,=R 3 =R 6 =H, R 2 =2- If^y|fr> , R<=CN, 

R 5 =n- A+yJ^+y 
if >J7- 12 R] =R 2 =R 5 =n- , R 3 =R 4 =R 6 =H 
#"ij7- 13 R,=R 2 =R 5 =n- ^yM+y , R 3 =R4=R 6 =H 
*°'J7- 14 R,=R 2 =R 6 =n- 4*) ., Rj=R4=R 5 =H 
15 R,=R 3 =R4=R 5 =R6=H, R 2 =2- if^yj^y 
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*°'J7- 16 R,=R 4 =R5=R6=H, R 2 =2- iffr**At¥s , R 3 =CN 
**'J7- 17 Ri=R 3 =R4=R 6 -H,R 2 =2- IfJ^>j^> , R s =n- 

18 R,=R 3 =R6=H, R 2 =2- if ;^'>mv , R^-CN, 

R 5 =n- *£W> 
**'J7- 19 R 1 =R 4 =R 6 =H,R 2 =2-ifj|A+v*^> , R 3 =CN, 

R 3 =n- *j*Attir 
ih°ij7- 20 R,=R 3 =R 6 =H,R 4 -CN > R 2 =R 5 =n-^.>|| ) ^> 
*"'J7- 21 R 1 =R 3 =R 4 =R 5 =H J R 2 =2-if)lA+ymy ,R 6 =n- 

r'J?- 22 Ri=R3-R 5 =H, R 2 =2- ifllrA+W+y , R4=CN, 

R 6 =n- **>M¥j 
*'.'J7- 23 R 1 =R 4 =R 5 =H, R 2 =n-^i/|l , R 3 =CN, R 6 =n- 




rij7- 24 Ri=R 3 =R4=R 5 =H 5 R 2 =2- if jlA+y^v 

*° 97- 25 R,=R4=R 5 =H, R 2 =2- lf;iMyJtf*y , R 3 =CN 

** ¥7- 26 R|=R 5 =n-*4-4 , R 2 =t-7' f * , R 3 =R4=H 

r "J?- 27 Ri=R 5 =n-A*yfl, , R 2 =t- y R 3 =H, R 4 =CN 

*' 'J?~ 28 R,=R 2 =R s =n- **t*ft'y , R 3 =R 4 =H 

*"'J7- 29 R]=R2=Rs=ii-A*yj^y,R 3 =CN,R4=H 

*° 'J7- 30 R,=R 5 =n- ^yJl4*y , R 2 = n - ^y| , R 3 =CN, R,=H 
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*" 'J7- 
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R 


=R 3 =R 4 =R 5 =H J R 2 =2- if J***/***-/ 


** 'J7- 


32 


R 


=R 4 -R 5 =H, R 2 =2- if j|ABr*#+i» , R 3 =CN 


*' 'H- 


33 


R 


-R 5 ==n-A*y|.:, R 2 =t-7' f V , R 3 =R4=H 


** 'J?- 


34 


Ri 


=Rs=n- \$yb , K 2 =i-r fll, R 3 =H, R4=CN 


*" U7- 


35 


R 


=R 2 =R 5 =n- ^M\v, R 3 =R4=H 


*° U7- 


36 


Ri 


=R 2 =R 5 =n- WWr, R 3 -CN, R4=H 


*• w 


37 


Ri 


=R 5 =n- MfMy , R 2 =n- R 3 =H, R,=CN 



r i J7- 38 Ri=R 3 =R4=R s =H, R 2 =2- ifJKtvj^y 

*' 'J7- 39 R,=R4=R 5 =H, R 2 -2- m^vimv , R 3 =CN 

*' >J7- 40 R,=R 5 =n- \\y}[ , R 2 =t-7' R 3 =R4=H 

*• i)7- 41 R,=R 2 =R 5 =n- "^ylkftfy , R 3 =R4=H 

'J7- 42 R,=R 2 =R 5 =n- , R 3 =CN, R<=H 

r ij7- 43 R, =R 5 =n- M^kfty , R 2 =n- , R 3 =H, R4=CN 
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i° 97- 44 R,=R 3 =R 4 =R 6 =H, R 2 =R 5 =2- i^yjk^y , 
p=q=l 

r U7- 45 R,=R 3 =R 4 =R 5 =H, R 2 =R 6 =2- zf***i*f** , 
p=q=l 

r'J7- 46 R,=R 4 =R 5 =H,R 2 =R e =2- if^fr) , 

R 3 =CN, p=q=i 
**'J7- 47 R,=R 2 =R 6 =„. MFyj^v , R 3 =R4=R 5 =H, p=q=2 
**'J7- 48 Ri=R 2 =R 6 =n- A+yj^i,-, R 3 =R 4 =R 5 =,H,p=q=i 
*" '/7- 49 R,=R 6 =n- *, R 2 =t-r fJh R 3 =Rr=R 5 =H, 

p=q=J 

**'J7- 50 Ri=R6=n-/4y*t4v,R 2 =t-7*f|,,R3=R 5 =H > 

FL,=CN,p=q=I 

*TU7- 51 Ri=Rs=n-Ati/»«->,R 2 =t-7*», R 3 =CN, 
R4=R6=H, p=q=] 

Utl 2] 




*"'J7- 52 r,=r 3 =r 4 =r s -H, R 2 =2- ifWfrmv 

#" 'J7- 53 R|=R4=R 5 =H, R 2 =2- , R 3 =CN 

*' 'J7- 54 R,=R 2 =R5=n- , R 3 =FU=H 

t; U7- 55 R,=R 2 =R 5 =n- "4yjtf*y , R 3 =R4=H 

*° U7- 56 R,=R 2 =R 5 =n- , R 3 =CN, R4=H 

r "J7- 57 Ri=R 5 =n- WMtf, , R 2 =n-A*y||, , R 3 =H, R^CN 
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**U?- 58 Ri=R3-R4-R 3 -H, R 2 -R fi -2- ifi^M^ 
**'*- 59 R,=R 4 =R 6 = H , R 2 =R S =2- if|A#jW*> ,R 3 =CN 
*° 'J?- 60 R,=R 2 =R 5 = n - R 3 =R4=R 6 = H 
rU7- 61 RfR 2 =R 5 =n.«y ,Rj=R4=R 6 =H 
r "J7- 62 Ri=R 2 =R 5 =n^^y|^> , R 3 =CN, R 4 =R 6 =H 
*° V7- 63 Ri=R 5 =n- M-Ht*^ , R 2 =n- **** , R 3 =R 6 =H, 
R4=CN 



>J7- 64 Ri=R 3 =R4=R 5 =H, R 2 =R 6 =2- if Wtt*fr*?> 
r 'J7- 65 R|=R4=R 6 =H, R 2 =R 5 =2- T.fWAt%*J , R 3 =CN 
,t;'j7- 66 R,-R 2 =R5=n-^yJP,R3=R4=R6=H 

67 R)=R 2 =R 5 =n-^Htty ,R 3 =R4=R 6 =H 
*°'J7- 68 R,=RrR 5 =n-^Htty , R 3 =CN, R4=R 6 =H 
r 'J7- 69 Ri=R 5 =n- n*v)14*v , R 2 =n-"4yj|. , R 3 -R 5 =H, 
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R4=CN 



[fb l 5] 



(9) 



'Wm 2002-93582 



15 



16 




*' 'J 7- 70 R|=R 3 =R 4 =R S =R 6 =H ) R 2 =2- m^vlW; 
rU7- 71 Ri=R 4 =R s =R 6 =H, R 2 =2- lft**m& , R 3 =CN 
** U?- 72 R,=R 2 =R5=n-M->Jt , R 3 =R4=R 6 =H 
rU7- 73 Ri=R 2 =R 6 =n-/*>Jtt*> , R 3 =R 4 =R 5 =H 
r'J?- 74 R 2 =R5=R6=n-Mym->,Rj=R3=R4=H 
*''J7- 75 R,=R 3 =R 4 =H, R 2 =2- ifj^vmv , 

r 5 = ji , r 6 =3,7- v mmmv 

5pj7- 76 R,=R 3 =H, R 2 =2- if , R^CN, 
R 5 = /Kv .Rt-V-vWMWMtS' 
'J?- 77 R l =R 3 =R 4 =H ) R 2 =2- if**>jl**-/ , 
R 5 =R S =N,N- •/ 7xzm/ 

ilT'J?- 78 R,=R 3 =H, R 2 =2- xfiWAW/ , R^CN, 
R 5 =R 6 =N,N- v 7i-H7S/ 



r«j7- 79 R,=R 3 =R 4 =R S =H,R 2 =R 6 =2- if|lA*v4#v 

r 'J7- 80 R,=R 4 =R 6 =H, R 2 =R 5 =2- I^yJl44v , R 3 =CN 

#"'J7- 81 Ri=R 2 =R 3 =n- , R 3 =R4=R 6 =H 

*'»J7- 82 R,=R 2 =R 5 =n-A+y^y,R 3 =R 4 =R 6 =H 

r «J7- 83 R,=R 2 =R 5 =n-'s^y»t+y , R 3 =CN, R4=R 6 =H 

*" ')!- 84 Rj=R 5 =n- ^yjliftv , R 2 =n- , R 3 =R 6 =H, 



[fl!16] 




R 4 =CN 
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** 'J7- 85 R,=R 3 =R^=R 5 =R6=H ! R 2 =2- ifHrtvHfcy 

86 R,=R 4 =R 5 =R 6 =H,R2=2-i?i*4'/ll»ff'> , R 3 =CN 

ipj7- 87 R|=R 2 =R 5 =R 6 =n-^yfl.,R 3 =R4=H 

88 R,=R 2 =Rs=R 6 =n-/^vJi, , R 3 =CN, R,=H 

**«J7- 89 R|=R 2 =R 6 =n-*$«>j|,:, R3=R4=R S =H 

*"|J7- 90 Ri=R 3 =R 4 =H ) R 2 =2- if fttttritttir f R 5 =R 6 =n- 

**|J7- 91 R,=R 3 =H, R 2 =2- if j|A*vltf*V , R4=CN, 

R 5 =R 6 =n- \*y|l, 
#"J7- 92 R,=R 2 =n-A^>ft^y ,R 3 =CN,R4=H, R 5 =R 6 =n- 

*"|J7- 93 Ri=R 2 =n-Aty^*>, R 3 =R 4 =H, R 5 =R 6 =n- tffj, 

[ft 1 8 ] 




*f 'J7- 94 R,=R 3 =R,=H, R 2 =2- if}\rtyM& 

r i}7- 95 R,=R 4 =H, R 2 =2- lf||A*yJ|,;t*y , Rj=CN 

;pj7- 96 Ri=R 2 =n-M-y»' J R3=R4=H 

*' 'J7- 97 Ri=Rj=n-"**yft*** , R 3 -R 4 =H 

U7- 98 R,=R 2 =n- ^yjtf+y ■ R 3 =CN, R,=H 

*° U7- 99 R,=n- ^ymv , R 2 ~n-.*K* , R 3 =H, R 4 =CN 

Hki9] 
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**>J7- 100 R,=Rj=R 4 =R 5 =H ) R 2 =2- if^H+*-> 
*"!)?- 101 Rj=R 2 =2-ifAMyJtt*y , R4=R 5 =H, R 3 =CN 
*°'J7- 102 Ri=R 2 =Rs=n-^^., R 3 =R4=H 
r 'J7- 103 R,=R 2 =R s =n- ^vM+v , R 3 =R 4 =H 
*''J7- 104 R,=R2=R5=n-^>J^> , R 3 =CN, R^H 
ip)7- 105 R,=Rj=n-^yAtty,R 2 -ii-^» l ) R 3 =H, 
R 4 =CN 

Ut2 0] 




,t'i j7 - 106 R t -R 3 =R4=R5=H, R 2 =2- if^yHttv > P=l 
fc'ij?- 107 R,=R 2 =2- lflf&m*/ , R 4 =R 5 =H, R 3 =CN, 
p=l 

^° 1)7- 108 R 1 =R 2 =R 5 =n-A3r'VH' , R 3 =R4=H, p=2 
*• 'J7- 1 09 R i=R 5 =n-A^>jv , R 2 =n- Aft**** , R 3 =R 4 =H, 
p=2 

*° 97- 1 1 0 Ri-Rs-n-**54 , R 2 =n- a*vW> , R 3 =CN, 
R 4 =H, p=2 
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** |J7- 1 1 1 Ri=R 3 =R4=Rj=R6=H, R 2 =2- ifJKtvll-t+y , 
p=l 

r»J7- 112 R,=R2=2- iflAt'/ltt^ 7 R 4 =R5=R6=H, 
R 3 =CN, p=l 

*'"J7- 113 R,=R2=2- J.f*K&m* > R3=R4=R 5 =R6=H, 

p=2 

f ')7- 1 14 R,=R 3 =R4=R5=H, R 2 =2- iffl/^yjl^y , R 6 =2- 
If*A*yJ|, , P=l 

'J"?- 1 15 R,=R 5 =R6=n-"4yJl' , Rj-t-7*f*. R3-R4-H, 
p=2 

** U7- 1 16 Ri=R5=R6=n-*#/*:, R 2 =t-7*fA, R 3 =CN, 
R4=H,p=l 

[fb2 2] 




1J7- 1 17 Ri=Rj-R 4 =R 5 =H, R 2 =2- if Witt's 
#'|J7- 118 R,=R 2 =2- if flAtyJl^y , R4=R 5 =H, Rj=CN 
t,"U7- 119 R,=R 3 =R 4 =H > R 2 =2- if W/Wfr , Rs=2- 

r'J7- 120 R,=R 3 =R4=H, R 2 =2- if;|A*yM*y , R 5 =2- 

r»JV 121 Ri=R 4 =H, R 2 =2- zfh^/hW/ ,R3=CN, 
R 5 =2- if 

*\'J7- 122 Ri=Rj=n-^>A, R 2 =n- Rj=CN, 
R4=H 

[ft2 3] 



(13) 
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jpj7- 123 Ri=R 3 =R4=R 3 =H, R 2 =2- xf%*&ltffy 

U7- 1 24 R,=R 3 -n- ^^y|^ , R 2 = n - , R 3 =CN, 
R4=H 

r 'J7- J25 r,=r 2 =2- if^mnv , R4=r 5 =h, r 3 =cn 

rU7- 126 R1-R3-R4-H, Ra-2- rf*^jl*K» , R s =2- 



**'J7- 127 R,=R4=H, R 2 =2- if /^yjtf*y , R 3 =CN, 

R5=2- IfXA^yfl, 
*° 'J7- 128 R,=R 5 =n-**-4 , R 2 =t-,' Rj=R4=H 



r'J7- 129 R,=R 3 =R4=R6=R7=H, R 2 =2-if;i-^yJ^y , 

R$=n-A**/ft., p=l 
f'JT- 130 R,=R 2 =2- IfJIM">W*y ,R 4 -R 6 =R 7 =H, 

R3-CN, R 5 =n-A^,p=l 
r'J?- 131 R,=R 2 =2- lfJ|A^>my , R 3 =R4=R6=H, 

R 5 =R 7 =n- *4yfl, , p=2 
**'J7- 132 R,=R 2 =2- ifl^yft , R 3 =R4=R 6 =H, R 5 =R 7 =n- 
, p=2 

r«j7- 133 R,=2- ifWsit*'; ,R2=t-7*fll-,R3=CN, 

R 4 =R 6 =H, R s =R 7 =n-MW , p=2 
r'J?- 134 R,=R 7 =2- iflKvAttv , R 2 =t-7* fl», R 3 =CN, 

R 4 =R 6 =H, R 5 =n-^ y ;i , p=2 



lit 2 4] 




[ft2 5] 
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*°'J7- 135 R,=R 3 =R4=R 5 =R 6 =H, R 2 =2- if > 
p=q=r=l 

** 136 R|=R 2 =2- iflA&mv ,R4=R 5 -R6=H, 

R 3 =CN,p=r=l, q=2 
*mj ? - 137 R,=R 2 =2- ifJKti**^ , R3=R4=R 5 =R6=H, 

p=q=r=2 

CUT- 138 R,=R i =R4=R 5 =H, R 2 =2- ifjlA^y^y , R 6 =2- 
IfJlA*yJl> , p=r=l,q=2 

r'J?- 139 R|=R 5 =R fi -n-^yJKR 2 =t-7*f)hR3=R4=H, 
p=q=r=l 

rU7- 140 R|=R 5 =R 6 =n-^->ll', R 2 =t-7*fA,R3=CN, 
R4=H,p=q=i=l 

[ft2 6] 




ff'j7- 141 Ri=R 3 =R4=H, R 2 =2- ifj^yjttty , X=0 

f«j7- 142 R,=R4=H, R 2 =2- ifj^->*ff'/ , R 3 =CN, X=S 

;pj7- 143 Ri=R 2 =n-^-»k, R 3 =R 4 =H, X==0 

*° 'J7- 1 44 R,=R 2 =n- ^yj^y , R 3 =R 4 =H, X=S 

!/7- 1 45 R,=R 2 =n- ^yjtftv , R 3 =CN, R 4 =H, X=0 

*' 'J?- 146 R,=n- A^yj^y , R 2 =n- Mryft- , R 3 =H, R4=CN, 

x=o 



[ft 2 7] 



(15) 
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** M7- 147 Ri=R 3 =R4=R s =H, R 2 =2- ifh**U*#fy 

fc-ij?- 148 R,=R 2 =2- XfV&ktt*/ , R4=R S =H, R 3 =CN 

#-ij7- 149 R,=R 2 =R 5 =n-^vil., R 3 =R 4 =H 

r*J7- 150 Ri=R 5 =n-A^>j(, s R 2 =n-^|,t4'> ,R 3 =R 4 =H 

**U7- 151 R,=R 5 =n-A^,R 2 =n-A^>/^.> , R 3 =CN, 



Jfij7- 152 R,=R 3 =R4=R 5 =R6=H, R 2 =2- if j^Wy 
153 R,=R 2 =2- ifft^vJ^v ,R4=R5=R6=H, 
R 3 =CN 

ipjy- 154 R,=R 2 =2- lfJ|A*yM*y , R 3 =R4=R 5 =R6=H 
fij 7 - 155 R|=R 3 =R4=R5=H,R 2 =2-ifjiA^>^'> , Re=2- 

ifllA^/A. ,p=r=l, q=2 
♦''J - ?- 156 R,=R 5 =R 5 =n-M : v)K R2=t-7* f)K R 3 =R4=H 
# 'J7- 1 57 R,=R 5 =R6=n- , R 2 =t-7* f % , R 3 =CN, 



R 4 =H 



[ft 2 8] 




R,=H 



[ft 2 9] 
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r'j7- 158 R,=R3=R4=R 5 =H, R 2 =2- i^yjtf+y 
*''J7- 159 R,=R 2 =2- i?/!A}yA4*y , R4=R 5 =H, R 3 =CN 
r>J7- 160 R!=R 2 =R 5 =n-^yj^> ,R3=R4=H 

'J 7- 161 R^R^n-^yH, f R 2=n . ^>^.> f R 3 =R 4 = H 

*' U7- 162 Ri-Rj-n-A+'/ll,:, R 2 = n - *3?Atfi*s , R 3 =CN, 
R4=H 

[ft3 0] 




163 R]=R 3 -R4=R5=H ! R 2 =2- if J|A*yJb**y 
r')7- 164 Ri=R 2 =2- If W/kft'/ , R4=R 5 =H, R 3 =CN 
r'J7- 165 R i =R 2 =R5=n- a+ vi^y , R3=R4=H 
*' IJ7- 1 66 R,=R 5 =n-Mr*>* , R 2 =n- M-yJ^y , R 3 =R4=H 
**'J7- 167 Ri=Rj=n-^>A, R 2 =n-^'>Mtv , R 3 =CN, 



[ft3 1] 



(17) 
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R 3. 



N— N .... , -\4. 
X" 



X4t SX4 



168 R|=R 3 =R4=H 3 R 2 -2- ifiWAttv >p=q=l, 
X=S 

f»j7- 169 Ri=R4-H, R 2 =2- ifjiAtvU+y > R 3 =CN, 

R 2 =2- if Wvimv > P^rU x-s 
tT'Jv- 170 Ri=R2=n-^>/KR 3 -R4=H > p=q=l,X=N-n- 

rU7- 171 R|=R 2 =n«\ty* 3 R 3 =R4=H, p^q=0, X=N-n- 

*'U7« 172 R)=R 2 =n-^vA^y , R 3 -R^=H 
* a 'J?- 1 73 R,=R 2 =n- W , R 3 =CN, R 4 -H, p=q=l , 
X=N-n- A+yJt 

1J7- 1 74 R]-n- ^y^t+v , R 2 =n-A*i4, R 3 -H 5 R4=CN, 
X=0, p=q=I 



175 R|=n-A#*fr> ,R 2 =2- If , R 3 -H, 

FU=CN 5 X=0, p=q=2 



[0015] SI A r J*, ±SS£(D— otfc 

WittigS/Sx Horner-Emmons^iS. Knoevenagel 
IB^ HeckR/SXtetftlKffcfe (Science, 1995, 269, 37 

&f$-f 5 r. 5 a* , Horner-EmmonsSJS 

X^KnoevenagelS/St- J: 5 - t LV\ #3891 

^y^At -:/ h^rV Kfc L< te^" by py p 

(D X 5 ft3a*£S<^#SET"ettffl"t-5KnoevenagelSl£^ 

[0 0 16] Hi!!:, W*EL^VM^cO«^{Cffl^e 
ix5i*iiS^^to ntbf^IE?L^ji 3 0 ^m^-ftS 
8 4 0 ££^trz:«#|itT*fc5o iT-#il4 0(t m 

3 0M»«U t LT^ V- K 6 0 lil^iSi 4 01: 50 



[0 0 17] l2 2fcBUOEL^M**J*£;^o 
(i— »«t3t^K*S-C*>5o EL«#(i, IE?L*£Ji3 

0 0 £S^*i®8 4 o 0 tnwifcftytm&^teo z-<o& 

3 0 0 fiiETU«ia&«-efc «9 s 8 4 0 0 fcWS3fcJB-C& 5 > 

8 5 0 oi*«T-ift3iJi titmb^WT 

«JMB3fcj«ft: 6 0 0^fiK$ix5o €2 0 0«77- K 

"C*>!>, 8 7 0 o^^y— KTfc5 Q StEte® loot 

[0 0 18] ^llELf/W^ft flSV^Jta^tffi 

\CMX.X, A) MSA*ii^*B#ff^4, 3 5 6, 4 
2 9^-td|Stt$tiTi^IE7LaAH, B) BSA*iI<£> 
*H#fF»5, 7 7 6, 6 2 2^{£fE*£;h/rV^TA' 

# ^«Ap^>ft7/^y(a§^y-FfH c) 

BI3:A*iitf>#llWffF mm 0 9/1 9 1, 7 0 5^-1: 



33 

f S fffi £ tl X V ^ Z> X =7 X ft** :7 y 1/ ^~ n # — ^ V J: 67 

/-KSEtt, StfD) I^A#iI©#H«tt»4, 7 6 
9, 2 9 2-^tC|E«c^ttT^^IE?L«I^Stm-?fli^lS 

[0 0 19] H13}CE L^W*C0ftfc>9 fcft5»J<£>#J 
^^^"To rftfS, $gftjf 3 0 0 0 £*^tf ^-JHIKtS: 
7y-K20 00i*y-K4 0 0 0 toomi^^^As 

tih<vx*3bz> 0 &ytm 3 o o onnwmmmt it^^ 
fe6 0 isan o o o^5 0 rom^^tc-r^ 

[0 0 2 0] *3BK^»MftE L^VW^»3t^, 7 7 

mmmx&% 0 ^(Dm^mytmtemytmxh*) , ^tt 

* (FD) Z<Dm<D3&ytttW$: K— XLfcxKy-^— , Sr 

^ fI»e Lf ^ ^sit 5 r ^ ^-et mm 

id, 3B***wa*S**fe*Sr«ffl-r5r £T\ EL 

££x-^ F/v^l^bttE LMtWI^5 0 
m¥?WM4, 7 6 9, 2 9 2f|:ELf/^X|:o^t 
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y h t itf ffltsoaji^t )tfeit it, ^y 

[0 0 2 1 ] 
[ft3 2] 




FD 1 R=H 

FD 2 R=C0 2 Pr-i 




FD 3 R=H,R'=t-Bu 
FD 4 R=R'=t-Bu 

[ft3 3] 
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R 



FD 8 R-H 

FD9 R~Me 

FD 10 R=Pr-i 

FD 1 i R-2- If jA^/» 



(20) 

37 




FD 12 R,=R 2 =Me, X=0 
FD 13 R,==R 2 =^K X=0 
FD 14 R,=R 2 =^jZ# ,X=0 
FD 15 R|=R 2 =Me,X-S 
FD 16 Ri=R 2 =^)l ) X=S 
FD 17 R!=R 2 = 7xH , X-S 



CN 




20 



FD 18 R=n-*4i4 
FD 19 R= 7HJI, 



#$! 2002-93582 
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[0022] _hfa^y^— sKy tr^=i 

— x >^S^S 3000 Sr^-ra r ^ tfsjf * L < , 

[0 0 2 3] TK^-CSEtt L/cT 7- K*Jg 

IfttilBlgO 9/1 9 1, 7 0 5#^|B*6**LTV^o * 

*H#fFl?5, 4 2 9, 8 8 4#&rj«SA*I 
<£>*S#fT»5, 7 7 6, 6 2 2*l£iBtt£jh,TV^M 

[0 0 2 4] 

S^-^^fl WtixS^y^— dSTIE— JRS: (I) £ 

ztfy ^ — CO^j^^^^r— A 1 — 7 ^i~ 0 
[0 0 2 5 ] 
[ft 3 5] 




CHO 




1 



(21) 
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HO' / ^ — COO 
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9 




C fi H, 3 0' 





^ C * K '3 OC 6 H, 3 

0C ( H )3 OC 6 H|j 
u Ji 

A 3 



[ft 3 8] 





HBr/(CH 2 )n "v S v B 



c s Mn 



her 7 



P(OEl) 3 



O 

(ElO) 2 P 



o 

P{OEt) 2 



28 



[fc3 9] 



coo- 



■r 8H|7 c s h,- 

N - POCI3/DMF CHO^^. ^ fO 



CXX) 



29 



CHO- Ar,-CHO 



O 

<ElO) 2 P" 



Ar 2 



.9 ttft 

P(0Et)2 * 



Ar 2 — 



CHO-Ar r CHO + CN^Ar 2 ^CN 



Arj 



X^r— A 7 



[0 0 2 6] «1 : 2, 6-tf;* ( 2 - ^ 3vW^* f/U 

2, Kp^rv'ryh7^;v (100. o g , 50 



0. 4 ^2-xf-/^^^p^K (16 

5. 0 g> 0. 8 6W) Sri LC0DMFI^^tfc o 
te 7 >cK 2 CO, (120. Og, 0. 87 



(23) 
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^AO £r8fc(JPLfc 0 life* 9 0°C^D^Lfc o D 

MF©^^|il, 5 0 0mL(^*»Lto 5 
/SS:^— ^/UTttttJL (3 X 4 0 0mL) , 7*94 >"T: 
gfe#L (lX 2 0 0mL) , ^LTMgSO, 



44 



(UX*6 5%) tfSWfcjtfco 



'HNMR 

(CDC1 3 ) S (ppm): 0.92-0.98 (m, 12H 5 CH 5 ), 1.34-1.54 (m, 16H), 1,75-1.81 <m, 
2H, CH(CH 3 », 4,02 (d, J = 5.5 Hz, 4H, 0CH 2 ), 7, 19 (d, J = 8.4 Hz, 2H), 7.70 (s, 
2H),8.l9(d, J = 8.5 Hz, 2H); ,3 C NMR {CDCb): 11 . ]2 3 14.06, 23.04, 23.88, 
29.08,30.51,39.34,71.34, 110.64, 120.84, 127.00, 129.62, 135,88, 164.29, 
182.27. M.p. 49-51 °C; FD-MS: m/z 464 (M + ) 



[0 0 2 7] &l 2 : 4 — ^n^E-- 2 - t 

(100. 0 g , 0. 53 ^/U) , -f * ^7-/1/ ( 9 
1. Og, 1. 3 4W) , t -^^/l^^^vl^y A- 
y K (TBDMS-C1) (96. 5g, 0. 64 



2 g 



"C3nij5fe}*u ^ttMgso, -eiais^fco mm& 

(i&^6 2%) #fc 0 
[»2] 



l H 



NMR (CDC! 3 ) 6 (ppm): 0.07 (s, 9H) } 0.91 (s, 6H), 4.65 (s, 2H), 7.17 (d, J = 8.2 
Hz, 2H), 7.42 (s, J - 8.3 Hz, 2H); ] *C NMR (CDClj): -1.71, 23 .93, 29.48, 67.89, 
124.13, 131.27, 134.82,144.02; FD-MS: m/z 301 (M + ). 



[0 0 2 8] S3 : 2, 6 - tf J* ( 2 — ^^vW^df- vvlx 
t^y) - 9 , 10-^ (4-t Fn^r^ ^/V^^^- 
/V) T>-h^ir> (ft^3) (D^fSL 
it^^} 2 (67. 2 g , 0. 22 ^/V) & 3 0 0 m L CO 

fcl, n-BuLi (2. 5M^^>1§^ 8 6 m L . 
0. 2 2^/H fitfa*- 6 0°CJ: 9 < ffifip S ix S 
«fc5Mo< 5 ijRiPbfco 8siP«, 4: 
-7 8t^lB*|(|«# Lfc 0 (30. Og, 

0. 0 6 5W) ^2 0 0mL(Z)*7XTHFHg^L, 

L/to KJS£#^k:M#>, HIM (5 7%*»jS, 1* 



30 



★ 4 5g, 0. 6 5^) *^o< 9jS*PLTS/SSrfPJt 
^5^*i:TBDMSiMftlLf: 0 *»fetf>R/E 
*1 O^MJpSRaSE*^ ^LT»jv»^«|±T 

*xt/^7^r>-ci5fcif-L. ^UM g so 4 -eft*Si±- 

^PMtfe@fttLT2 0. 2g (1R^4 8%) 

fco 

[13] 

? H NMR (CDC1 3 ) 6 (ppm): 0.82- 



0.89 (m, 12H,CH 3 ), 1.26-1.43 <m, 16H), 1.60-1.66 (m, 2H), 1.85 (s, br, 2H, OH), 
3.72 (d, J - 5,5 Hz, 2H, OCH 2 ), 4.89 (s, 4H, # ijtf), 6.S4 (d, J = 2.0 Hz 5 2H), 
7.00 (dd, J] = 9.3 Hz, J, = 2.2 Hz, 2H), 7.47 (d, J = 7.9 Hz, 4H, ?xzm .), 7.52 
(d, J = 9.7 Hz, 2H), 7.61 (d, J - 7.8 Hz, 4 H, ?izm ); U C NMR (CDC1 3 ): 
1 1.17, 14.03,23.00, 23.89, 29.08, 30.64, 39.16, 65.37, 70.17, 103.90, 120.07, 
126.98, 127.13, 128.07, 129.56, 131.46, 134.74, 138.95, 139.85, 155.71; M.p. 
1 10-1 12 D C; FD-MS: m/z 646 (M + ). 



[0 0 2 9] M4 : 2, 6 — tf* ( 2 -^fvW^vvW 
^^v-) -9, 10-v* (4-^n ; e^f;l/7x^) 

3 (4. 4 0 g , 6. 8^y ^25mL0 
*fckTHFK:iga>U 0°C^£PL7c o PBr 3 (1. 
3mL, 17^y-eyu) Sr«fTbfc„ B6 
^flH^bfc^ 7KT:14-lh^i±, a^l/^«L ^50 



>Vfc 0 *^«r— SftCbT^^^ V^#L, MgS0 4 

^7 7>f — T?#Sfffit- 15:85CH 2 C1 2 : — ^rlh 
>?rlV^|fSLfci:l6, 3. 9 0g(D^gi (1R 
^7 4%) ;&5#?>ixfco 
[14] 



(24) #m 2002-93582 
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E HNMR(CDCU)5(ppm): 0.82-0.88 (m, 
12H, CH 3 ) > 1.23-1.42 (m, I6H), 1.6M.69 (m, 2H),3.71 (d, J ~ 5.7 Hz, OCH 2 ), 
4.67 (s, 4H, V y/ M ■), 6.78 (d, J - 2.4 Hz, 2H), 7.00 (dd, J, = 9.5 Hz, J 2 -2.4 Hz, 
2H), 7.43 (d, J = 8.0 Hz, 4H, 7izM& .), 7.49 (d, J = 9.5 Hz, 2H), 7.62 (d, J - 
8.0Hz, 4H, ); ,3 C NMR (CDCi 3 ): 1 L15, 14.06, 23,04, 23.88, 29.03, 

30.62,33.46, 39.06, 70.36, 103.83, 120.29, 126.81, 127.98, 129.27, 129.53, 
J31.6S, 134.40, 136.91, 139.84, 155.80; M.p. 105-107 «C; FD-MS: m/z 772 
(M + ). 

[0 0 3 0] 0fj5 : 2, 6-\?X { 2 - ^ JV^* is ;V * <D%J&7 9 X n (C AtLT, 1 0 0 °CtC 4 ^BBiPfR bfc Q 



^^vO -9, 10-^ (4-~^^U>v ? 

ik&yo4 (3. 8o g , 4. 9^;yw) ^hy^^vw 

h (95mL. 29^y ^r/U) t & 5 0 m L * 



ItfctZLZ, 3. 9 4g^^y-Afe(Dit«i«l 
btbfc OK* 9 0%) 0 
[15] 

'H NMR 

(CDC1 3 ) 6 (ppm): 0.83-0.89 (m, 12H, CHJ, L27-1.43 (m, 28H), 1.59-1.66 (m, 



2H), 3.34 (d, J - A 1 .7 Hz, 4H, V W W ), 3.7 1 <d, J = 5.3 Hz, 4H, OCH*), 4.08- 
4.15 (in, P(0)OCH 2l SH), 6.84 (d, J = 2.3 Hz, 2H), 6.99 (dd, J, - 9.5 Hz, J 2 =2.4 
Hz, 2H), 7.42 (d, J - 7.S Hz, 4H, yum ), 7.4S (d, J = 9.5 Hz, 2H), 7.55 (dd, 
Ji -8.0 Hz, J 3 = 2.2Hz,4H 3 7iZim .:); [3 C NMR (CDClj): 11.21,14.04, 
16.46, 1 6.54, 23.01, 23.92, 29. 14, 30.66, 32.89, 34.72, 39.37, 02.20, 62.29, 70.02, 
103.95, 120.00, 127.00, 128.06, 129.56, 129.99, 130.08, 130.71, 130.83, 131.44, 
131.47, 134.67, 138.12, 138.17, 155.76; M.p. 94-96 *C; FD-MS: m/z 886 (M + ). 



^Ti5fc#U ^UMgS0 4 t?(£JRS^rfc 0 fi^fig 

1 : 1CH 2 CI, : — ^i^^Srffl^TffiM bfc i: r 
5. a#^W^gM B B ^LT7. Og (Jfc*7 

o%) »bnfc 0 

[»6] 



[0 0 3 1] W6 : 2, 6 - tf^ ( 2 - jl^vW-. *ri/;V 
^r^riy) —9, 10— V s (4 —yfr/U^/UZ7^^/U) T> 

ffr^H* 3 (10. Og, 0. 0 15W) £rl80mb 
tf^ffc^^l^Klig^b, ^Ltt°y^^^PP^ 30 
n^— f* (PCC) (8. 0g N 0. 0 3 7^/V) &m 
^Pb/c 0 S/SSr^aT?— Ift^BK^bfco RJS^lOOm 

L^*-e»±s*, l^raat^bfco *»feosjcsa-&^ 

l H NMR (CDC1 3 ) 5 

(ppm): 0.82-0.88 (m, 12H,CH 3 ), 1.20-1 .43 <m, 16H), 1 .60-1.68 (m, 2H), 3.70 (d, 
J - 5.5 Hz, OCH 2 ), 6.73 (d, J - 2.2 Hz, 2H), 7.04 (dd, J, « 9.5 Hz, J 2 =2.4 Hz, 2H) 
7.44 (d, J » 9.5Hz, 2H), 7.67 (d, J = 8,0 Hz, 4H ; 7 x-JHl X 8.15 (d, J - 8.0 Hz, 
4H, 7xzm ) J 0.21 (s,2H, TW'tK); t3 C NMR (CDCI3): 11.13,14.02, 
22.97,23.87, 29.07, 30.59, 39.12, 70.22, 103.37, 120.80, 127.59, 129.12, 130.00, 
132.03, 134.01, 135.69, 146.38, 156.10, 192.00; M.p. 125-127 ^C; FD-MS; m/z 
642 (M + ). 



[0 0 3 2] 0f]7 : 2, 5 (;/7a:^r> y) 

-3, KnTU?^/^^/^^ (ft^^7) 

^^/y-Dn/N^i^fyi/ (DMSS, 50g, 0. 

>- (lOOmb) ^iiPJiffifflU KSMIrlOO 

WttibfCo TLCM (CH 2 CI 2 ^r^V/l : *50 



1 2 0°C(r±#^^ Sfet-4«PlWJtffbfc 0 £0&£r^ 
9U EtOH^at/co */£ft£KS«ifi^iK3ib 

8 2 g (Sfiwuxa) as#e>ftfc 0 

[*7] 



(25) 

47 48 

l H NMR (CDCI 3 ) 5 (ppm): 

3.39 (s, 4H), 3.65 (s, 6H, C0OCH 3 ), 7.09-7.38 (ro, 10H, ), 10.62 (s, 2H } 

NH); l3 CNMR{CDCl 3 ): 27,65, 50.84, SS.71, 124.63, 124.75, 129J2, 139.35, 
156.74, 169.31; M.p. 236-238 °C; FD-MS: mJz 37S (M + ). 



2002-93582 



[0 0 3 3] MS : 2, 5 - \fX (^7x^7; /) 
lt&%7 (80g, 0. lrCH 2 Cl 2 

o7t 0 TLC (CH 2 CI 2 :-^3M^/l : l) &m 



10 



* U E tOH-CIft^t?tfc„ CH 2 C 1 2 C0~r-<T^ 

U ^UE t O H tlM^ 15 «fe 5 ^ -effi^- L 

fe@f* OK* 9 2%) ^t^fl/^ 
[*8] 



'H 



NMR (CDCb) 5 (ppm): 3.83 (s, 6H, COOCH3), 7.00-7.34 (m, j OH, ), 
8.00(s,2H, ), 8.56(s, br,2H,NH)j l3 C NMR (CDCb): 52.20, 1 1 8.58, 

118.96,119.71, 122.06, 129,38, J37.71, 141.88, 167.78; M.p. 164-166 °C; PO- 
MS; m/z 376 (M + ). 



[003 

/U2, 5 

ik&m 8 
(200 

0 . 14 ^r/U) RUM ( 1 . 4 g , 0 . 0 2 2 ^r/U) & 
4 



4] ^ij9 :N, N, N ' , N' — y" h 7 7 

(40g, 0. 1 , 3— K^V-ifV 

imL. 1. 79W) N K 2 C0 3 (2 0 g, 



^n(.-N 2 T~VAtltz. 0 jg-^feSrl 8 5°C{C2 
*Lfc 0 TLC (CH 2 Cl a : 



^1:1) -eS^So^T^Stufco K/SSr?fr*PU CH 

20 2 C 1 2 SrSSJnLfco i*iiLTCH 2 C 1 2 T?i!fe#-Lfc 

8 0%) ^#6tbfc c 
[*9] 



'HNMR (CDCh) 5 (ppm): 
3.35 (s, 6H a COOCH3), 6.96 -7.28 (m, 20H, ), 8.44 (s, 2H, ); 

l3 CNMR (CDCI3): 51.94, 122.69, 123.00,129.18, 131.00, 132.47, 142.17, 147.32, 
166.76; M.p. 249-251 °C; FD-MS: m/z 528 (M + ). 



[0035] M 10:1, 4 -i/fc Ko^^> 
2, (N, N-^x^T;/) -<>if> 

(ftf^ 1 0) <7^/& 

mwm^^M,m^fc%j&^ : yy^^N 2 ttl i a i 

H 4 (6. 4 g> 0. &*Ati/c 0 ^CD??* 

ni^THF (4 0 0mL) «rg*U fSMm^ 0°C 
I^JPLfco fl^»9 (4 0g, 0. 0 7 
Lfo6 057 v Wtatt o ^^rl 5^WT5^1. 
*-T?a», 4 5#fffl«ffi£ii:fCo TLC (CH 2 40 

CI 2 ^l^^/l : 1) t?RlS^T* s **tbfco 

5/£Sr0 < C^*HL. *^«fit-»ifc£i*fc 0 3 0 5>ff 
#L/cfJL ^-f/^»Lfc 0 7K/l£r^— r/K*4 0 
ffltULfCc flffl^i(atNa 2 S0 4 T*ft«$ 

g (JR*9 5%) #5#k*l,fc 0 A A 8 7 9 0 - 1 3 8 ; 
4. 3 6 (s, 4H, ^^i?!)??) > 7. 00-7. 
5 0 (m, 2 2H, ;M. p. 208-210 

°C ; FD-MS : m/z 4 7 2 (M + ) *50 



★ [0 0 3 6] Ml 1 : 2, (N, N-i?7j^ 

1 1 ) CDl^Sc 

t°ij^r)A7nD^p7-f (PCC, 3 0g, 0. 
0 6 4^/1/) M/KCH, Cl 2 ( 3 5 0 mL) ^N 2 

^r^, -toPfltcia^dsHfetcifeofco TLC (CH 

2 Cla : 1) te, 9 0^{^m^ISW 

fco RSa-^tt^^frSr^^^atilSo-fe^^ K 
T:iJiilL/c 0 yg;il^cH 2 c 1 2 -ea^^^(^M-fe(- 

b^^y^f — (CH 2 Cla ^r^V/1 : 1) t?» 
lit ^9AOlWlii^Sr*«lU*:«, '^MM'Sr* 

Sttift2 1. 5g OR* 7 2%) ^#btbfc 0 
1*10] 



(26) 

49 50 

l HNMR(CDClj)5(ppm): 7.01-7.06 
(m, 12H), 7.24-7.29 (m, 8H) 3 7.61 (s, 2H), 10.13 (s, 2H); ); l3 C NMR (CDC1 3 ); 
123.33, 123.53, 129.10, 129.80, 136.49, 146.49, 148.34, 189.51; M.p. 260-262 
°C; FD-MS: m/z 468 (M + ). 



002-93582 



[0 0 3 7] M 12:1, 5 - tf* (^=* v-yV^^X) 

5 0 OmL^AS77^^C 1 , 5 — v>fc Kn^rv/t7 
^ l/> (15. 0 g, 0. 0 9 N j%m% V 

(2 7. 2g, 0. 2^;V) , *{bn-^^i/yl/ (3 
2. 5 g> 0. 2^/1/) M2 0 0mLODMF^a^ 



10 



g (i&ms 0%) ds#fotLfc 0 

[til] 



'HNMR (CDCl 3 )&(ppm): 0.92 (t, J = 6.5 Hz, 6H), 1.35-1.41 (m, 
8H), 1.52-1.57 (m, 4H), 1,85-1.92 (in, 4H), 4.10 (t, J =6.4 Hz s 4H), 6.81 (d, J - 
7.6 Hz, 2H), 7.30-7.36 (m, 2H), 7.S4 <d, J - 8.3 Hz); M.p. 92-93 °C. 



[ 0 0 3 8 ] &l 1 3 : 1 , 5 ~ If* (^a^-y ^fvP) - 
4, 8— tfJ* (^^r^t^^) ~}~7?UZ/ (it^^Ol 
3) <£>^/& 

ft^l2 (10. 0g, 0. 0 3 0^71/) t^/fcyu 
A7/^7 K ( 1 . 9 2 g , 0. 064 ^E-yV) ^10m 
L <£>ffl® fc H B r f|«Jg«J ( 3 3 12. 3 



^mL. 0. 0 6 4W) itcS^Lfco S^5 0tl: 
iU 7K, ^^y-yu-ca^u tbtiaiLfc, ffi* 

20 -feO§f^ H H s 14. 7g (1R*9 4%) ^#^tb/c 0 
[ftl2] 

'H NMR 

(CDCI3) 5 (ppm): 0.92 (t, J - 6.5 Hz, 6H), 1.36-1.41 (m f 8H), 1.51-1.57 { m> 4H), 
1.99-2.09 (m, 4H), 4, 13 (t, J = 6.4 Hz, 4H), 5.31 (s, 4H), 6.84 (d, J = 8.2 Hz, 2H), 
7.37 (d, J = 8.2 Hz, 2H); M.p. 105-10? °C. 



[ 0 0 3 9 ] ^ 1 4 : 4 , 8 - If;*- 
1, 5 — hf;* (y ^ l/^v^^vw^; 

uk&mi 4) 

0 1 7^) ^y^/^^7/^F (7. 5mL, 
0. 0 4 4W) SraSJPbfco 3ft-&WSr 1 0 O°C(-4 0# 
WJp*ftLfcS> ^ii.{c?&SiUfc 0 &£/*4»Srv'y %?a* 



★ (7)^7-7^^ 0 ^ h^;7^— Ti^fi^C 1 0:9 07ir 

30 Mt7^y^hfecoiTO B 0 0 tLr6. 5g (IR^5 

9%) #fc 0 
I* 1 3 ] 



NMR (CDCb) 5 (ppm): 0.92 (t, J - 6.S Hz), 1.08 (I, J - 7.1 Hz), 1.36-1 .41 (m, 
8H), 1.47-1.54 (in, 4H), 1.95-2.05 (in, 4H), 3.75-3.91 (m, 8H), 4.06-4.14(d £ t 

t SH, V OCH 2 ), 4.14 (s, 4H), 6.80 (d, J = 8.2 Hz, 2H), 7.23-7.27 

(m,2H); U C NMR (CDCI3): 13.94, 16.23, 16,31, 22.52, 25.94, 28.S4, 31.60, 
33.92,35.76,61.34,61.43, 68.84, 106.28, 106.29, 119.77, 119.92, 130.14, 130.24, 
156.04; M.p. 80-82 °C; FD-MS: m/z 628 (M + ). 



[ 0 0 4 0 ] &l 1 5 : 2 , 6 - If* (^^i/SU***/) 
-T-7$Ul/ ({fr^Mfel 5) CD^fig 

2, 6-v J tKn^>t7^I/y (30. 0g N 0. 1 
9^A-) t*ftn-^>;U (9 7. 5g, 0. 59^ 
/V) ir^r, 4 0 OmLtDDMF^ ^SS^y^A (8 



©lft4 1. 3g (1R*6 7%) ^#btbfc 0 
[f 14] 



1. 6g, 0. 5 9^) (D#^T\ 9 0*01?- PA^K^ 



(27) #fH 2 0 0 2 

51 52 

'H NMR CDCIj) 5 (ppm): 0.91 (t, J = 6.9 Hz, 6H), 1.32- 
1.40 (in, 8H), 1.44-1.54 (m, 4H), 1-77-2,86 (m, 4H), 4,02 (t, J - 6.6 Hz, 4H), 7,06^ 
7.12 (m, 4H), 7.60 (d, J - 8.8 Hz, 2H); M.p, 78-79 °C. 



9 3 5 8 2 



* L, 0. 0 6 2W) £Kga>bfc 0 0°C\C5 

mmum^tiW:, mmzftm^tc 0 

OK* 5 8%) Sr#fc 0 
[115] 



[0 04 1] Ml 6 : 1, 5 - tr X (zf a y ^vu) - 
2, (^^^/k^vO -yy^uiy at^^oi 

6) 

(9. Og, 0. 0 3 0^) £>^9tfvW» 
t: K ( 1 . 8 7 g , 0. 062 ^£;V) & 4 0 m L 
COg^ ^HBr Bft»«E ( 3 0 12. 4 m * 10 

'HNMR 

(CDC1 3 ) 5 (ppm): 0.93 (t, J - 6.9 Hz, 6H), 1 .37-1.42 (m, SH), 1.51-1.61 On, 4H), 
1 .84-1 .93 (in, 4H), 4. 18 (t, J = 6.4 Hz, 4H), 5.07 (s, 4H), 7.35 (d, J = 9.3 Hz, 2H), 
8.03 (d, J - 9.3 Hz, 2H); M.p. 1 10-112 °C. 



[0 04 2] il 7 : 2, 6~ fcf * (- 

— 1, 5 — tf.X (^fl/y> ? xf;^^7x- h) -J- 7 

* Mb^*ri 7) 

5 0mL(OAS77^3tt^ftl6 (8. Og, 0. 
16^/1-) i: h (1 3mL, 0. 

0 7 8^/V) SrjRJPLfco Sffi-g^Sr 1 0 0°C^4H#r^P 



20 



StJKtC 10:9 OTi? h V : Sft^f l/y^fflV>tfSl 
(fe*5 1 %) Sr#fc 0 

mi e) 



l H NMR(CDCh)§(ppm): 0.92 (t, J = 7.0 Hz, 6H), 1.15 (t,J 
-7.0 Hz, 12H) S 1.34-1.53 (m, 12H), 1.79-1.89 (in, 4H),3.7l (d, J - 22.0 Hz, 2H), 
3.91-3.96 (id, 8H), 4. 1 0 (f, J- 6.6 Hz, 4H), 7.28 (d, J = 9.5 Hz, 2H), 8.02 (d 5 J = 
9.5 Hz, 2H); ,3 C NMR (CDCl 3 ): 13.99, 16.25,16,33,22,60,25.78,29.68,31.64, 
61.75,61.84, 69.41, 113.73, 113.88, 114.66, 1 14.70, 125.12, 125.20, 128.78, 
152.81; M.p.101-102 *C; FD-MS: m/z 628 (M + ). 

30 (13. Og, 0. 2 4^r/U) RU^B— ^ri^^ (5 
0. Og, 0. 2 tU^L-fZo 



[0 0 4 3] il8 : 2, 6-*J7u*r-l, 5 - fcf* 

1 , 5 — v>fc: Kn ^r^t7^ (20. Og, 0. 1 

2 5W) lr4 0 0mL^)SiH&U 0°Cfc:^£PL 
to ^<OfeWtZ-£M (4 0. lg, 0. 2 5 0^) £r 
MTbfco WTSfclBtWk KJS^SfitffjfL, fit 

aibfctr^, W£l«cfe^Hft:jR2 > 6-v^n^-i, 
5-i?tKP^>t7^l/y3 6. lg (B9 0%) 
^#^>tbfc 0 (3 6. Og, 0. 114W) ★ 



^^gp s a ftLtefe(D7W ^tM2 5. 5g (IK 
* 6 0 %) Sr»fc c 
[Si 7] 



l H NMR (CDCI3) 5 (ppm): ! H NMR (CDC1 3 ) 5 (ppm): 0.93 
(t, J^6.8Hz, 6H), 1.36-1.41 (m, 8H), 1.55-1.60 (m, 4H), 1.88-1 .98 )m, 4H), 4,06 

(t, J = 6.6 Hz, 4H), 7.58 (d, J = 9.0 Hz, 2H), 7.73 (J = 9.0 Hz, 2H); ,3 C NMR 
(CDCI3); 14.03,22.61,25.69, 30.23,31.69,74.62, 113.73, 119.31, 130.11, 131.03, 
148.04,152.86; M.p. 41-43 °C; FD-MS; m/z 486 (M + ). 



[ 0 0 4 4 ] m 1 9 : 1 , 6 - \?X i/tV** is) 

1 9 ) (D^f& 

it&m 18 (13. Og, 0. 027 JllOm 
LCOi/KTHFI^L, K:IIiTt-7 8°CiC?^P 
Lfc 0 ^(D^g^, nBuLiSi (2. SM^^fy 



50 



3 2mL, 0. 0 8 0^) Sri&*J&5- 6 0*C ± 

Lfc G SSJn^ 7 8°C"C1 NPMSH^bfco 

DM F (1 7mL, 0. 2 Ryl/) ^y^7^»j]D 

x/U-ettttlLfc (3X100mL) 0 



(28) Sfrffl 2 0 0 2 

53 54 

£r|$SLfc«. a^*Sr^**>-^E>lfje*<kb-C [ftl8] 

6. 7 2g«ft (W6 5%) ^SMtat^ 

] H NMR (CDClj) 5 (ppm): 0.93 (t, J = 6,7 Hz, 6H S 
CH 3 ), 1.37- 1.42 (m, BH,7J**)> 1-55 - 1.60 <m, 4H, 7JI4*), 1-95 -2.00 (m,4H, 
TfrH ), 4.15 {t, J - 6.7 Hz, 4H, OCH 2 ), 7,92 (d, J - 8.8 Hz, 2H> f?n ), 7.89 (d, 
J = 8.SHz 5 2H, fW* ), 10.60 <s f 2H,CHO); l3 C NMR (CDCI3): 14.01,22.59, 
25.65,30.25,31.63,79.50, 119.53, 123.69, 127.51, 133.19, 161,56, 189.51; Mp. 
50-52 °C; FD-MS; m/z 384 (M + ). 



9 3 5 8 2 



[0 0 4 5] : 1, 5 - If* (^^is/U^r^is) 

-2, 6-tf* (tKo^f/P) 

3 OmLcD^ ^7— yVi 2 OmL^ift^f Uy(C0°C 
-C**^^^*^ h U #A (1. 90g, 5 0;!)^ 

^TtKft^ftl9 (3. 2 5g, 8. 4^y^) §r 



^^>o< «9taSJflLfc„ Ri£Sr^ffl-e— 8fe*«#Ui:«, 
3 0mL(Z)lM KOHTfltlh*^ 3 0^f*#Lfc o 

M g so 4 T^^Lfeo a^^^^^^y-r v&(Dm 

fco !R*fi2. 9 1 g (iR^8 8%) t?fcofc 0 
[fl9] 

"HNMR 



(CDCIj) 5 (ppm): 0.93 (t, J = 6.8 Hz, <5H, CH 3 ), 1 .37-1.42 (m, 8H, 7Wj, 1.5 1- 
1,58 (m, 4H t 7«4*) f 1 .87-1.97 (m, 4H, 7M), 2.19 (s, br, 2H, Oil), 4.00 (t, J - 6.7 
Hz, 4H, OCH2X 4.SS (s, 4H, \' W W ), 7.50 (d, J - 8.6 Hz, 2H, fin ) a 7.84 (d, 
J = 8.6 Hz, 2H, ), 



[0 0 4 6] S21 : 2, 6 - tf * - 

1, 5 - tf * h^^t^^) ~T7$U^ Ut&!%)2 
1) 

i;7;i/3 h -;Wfc^ifc2 0 (2. 90g, 7. 5^y^e 

/V) ^1 5mLWS7KTHFW§^LT0 c Ctt v St 30 
fc 0 Z.(DMW^, PBr 3 (1. 7mL N 18^U^ 
/W) ^5mL^THFl:»uai/: 0 S/SSrSS* 

'HNMR (CDC1 3 ) 6 (ppm): 
0.94 (t, J = 6.8 Hz, 6H, CH 3 ), 1.39-1.44 (m, 8H ? 7Jj4X>), 1.55-1.62 (m, 4H 5 7W), 
1.92-2.01 (m, 4H, 7«*), 4.10 (t, J - 6,6 Hz, 4H, OCH 2 ), 4.73 (s s , 4H), 

7.49 (d, J - 8.7 Hz, 2H, fTfb ), 7.84 (d, J = 8.7 Hz, 2H, ). M.p. 58-60 



— T^»®i-5 : 9 5^— TVW : ^^^JB^TfiSR 
W»fi*§*2. 6 1g (B6 8%) ^# 

[ft 2 0] 



[0047] #| 22:1, 5 - tf * (-N^^;^^i/) 
-2, 6 — fcT* ^U^v^zc^/W^*^^— h) -f-y 40 
* UV* H\&m2 2) 

^n^ft2 1 (2. 5 0g, 4. 9;!)^) £ 
^yxf^^^7 7 ^ F (2mL, 12^^/1/) £ril 



2. 34g (6*7 6%) T^fcofCo 
[ft 2 1] 



(29) <$m 2002-93582 

55 56 

'H NMR (CDCl } ) 5 (ppm): 0.94 (t, J = 
6.8 Hz,6H, CH 3 ), 1.26 (t,J=7.1 Hz, 12H, CH 3 ), 1.38-1.43 (m, 1.53- 
1.63 (in, 4H, 7fl4*), 1.88-1.98 (m, 4H, 7,14*), 3.39 (d, J =21.7 Hz, 4H, OCH 2 ), 
3.99-4. 12 (m, 8H, POCH2), 7.55 (d, J - 8.8 Hz, 2H, ), 7.79 (d, J = 8.8 Hz, 

2H, f?n !); i3 C NMR (CDCI3); 13.98, 16.28, 16.35, 22.59, 25.77, 26.14, 
27.99, 30.40,31.72,61.97, 62.06,75.09, 118.14, 120.62, 120.72, 128.30, 128.30, 
129.12,153.51,153.53,153.64; M.p. 48-50 °C; FD-MS: m/z 628 (M + ). 

[0 0 4 8] M2 3 : 9, 9' ;V*Uls *Li (2. 5M^^rfy», 65mL, 0. 16^ 

(2 3. Og, 0. ^2 0 0mL ft n - — vvl^ ( 2 7 . 4g, 0. 1 7 *r/U) SrSsiP L 

i-n-BuLi (2. 5 =^>i§$u 6 5 m L N SSfe*?RS:^— ^V^ttU Lfc 0 *P»tBSr— JftK 

0. 16^) SrSsJPU -t^gS-feSSfSrfia-Cl^M LTM gS0 4 X#J|L/c 0 fi£/£»Sr^lKexttS!t 

MWl-fCo ^(Dmm^, *fkn-^^V (2 7. 4 Lfc£;i*>, i#«ft4 2. 3g **9 3%) #3 

g, 0. 17^) ^2 0mL(7)THF(C?§^UBD Kfttt^jft t LT#^ixfc 0 

bfco RiS*(Kffl*t?2^ra»itL, ^Lt^fcn-Bu* [ft2 2] 

*H NMR (CDClj) 5 (ppm): 0.57-0.66 (m, 4H), 0.75 (t, J = 6.7 Hz, 6H), 0,86- 
0.90 (in, 4H), 1.02-1.1 1 [m, 8H) 3 1.91-1.97 (m, 4H), 7.28-7.34 (m, 6H), 7.67-7.69 
(m, 2H>; 13 C NMR (CDCI 3 ): 13.97, 22.57, 23.74, 29.73, 31.50, 40.42, 55.02, 
119.62, 122.83, 126.67, 126.96, 141.13, 150.69. 

[0049] $124: 2, 7 - tf ;* C/n^^vP) - ^ RjE^ Lfc 0 t^ft* 2 O OmL^CftfiJ 
9, 9' -S? (^Sx/lO (ft^2 4) CO ^ ^ 1/ VTttttl fi^teSr V U # ?)VV> 

ftp»2 3 (15. Og, 0. 0 4 5W) t^V^7V U 11. 2g(D?Mfifitttt^ft 0 

^T/Vrt K (13. 5 g N O. 4 ^90mL [ft23] 

(D 3 0 %H B r BffifcigffRtCiSa* L/c D SiS^r 7 0 tJt?— 

'H NMR (CDCh) 5 (ppm): 0.58-0.65 (m, 4H), 0.75 (t, J = 6.7 
Hz, 6H), 1 .03-1.1 1 (m, 12H), 1.92-1 .98 (m, 4H), 4.57 (s, 4H), 7.32-7.35 <m, 4H), 
7.61 (d, J - 7.7 Hz, 2H); i3 C NMR (CDClj): 13.96, 22,45, 23,65, 29.51, 31.34, 
34.32, 40.07, 55.14, 120.02, 123.66, 127.98, 136.91, 140.74, 151.66. 

[0 0 5 0] M25 : 2, 7-\fx (^/^^) - * ^ 9 V 1 8 - 6 SrfiSJp bfc 0 R/SSr^fflT— ife^ * 
9, 9' -v> (^ df-vv^) (ft^«3 2 5) CD t£Lfc 0 KiSSr7KX#|R ^/V-XffitU Lfco ft^ 

ft^2 4 (6. 8 5 g, 0. 0 13*/W) *5 0mL IU 0 : 9 0g«xf/U ; ^^-f y^^tigU M 

(DTi? b y /K^^Lfeo r^S(^»y^^ »&J«iS:afe3BAi:Lt2. 8g 0R*5 1%)# 

(4. 5 5g, 0. 0 3 3^) , ^f/W>7/t K fc D 
y >- (3. 0 m L . 0. 033 ^ejV) RXf 0 . 1 5 g (D*40 [f 2 4] 

'H NMR (CDCh) S (ppm): 
0.58-0.65 (m,4H), 0.75 (t, J = 6.7 Hz, GH), 1.05-1.15 (m, 12H), 1.93-1.99 (m s 
4H), 3.84 (s, 4H), 7.28-7.32 (m, 4H), 7.6S (d, J - 7.7 Hz, 2H); n C NMR (CDC1 3 ): 
13.96, 22.54, 23.73, 23.91, 29.58, 31.46, 40.23, 55.46, 120.43, 122.42, 126.81, 
128.93, 140.32, 151.97; M.p. 70-72 °C; FD-MS: m/z 412 (M + ). 

[0 0 5 1 ] M26 : 3- ( 2 -^/l^* vvP) 3 ***SJtS:8&Jq LTGrignardSJSSrBH*&*iirfco #CV^ 

(ft^»2 6) CD^j7g "C\ *^2 -^/W^vvix (79. 0g> 0. 4R 

HP*j£7 5^3(cS£«Lfc^^ix9AJH (10. 2 £ 1 O OmLOi*THFI:S^Uv^i/i?^ 

g, 0. 4 2W) MOmL^S/KTHF^Atlto 50 IiHTLfc 0 «Ti, RJSS: 1 NFPflJPf»«?SfE ^ 



(30) 



12 0 0 2- 9 3 5 8 2 



57 

^a^at-iftaiU tiriOOmLOTHF-eftJRL 
fc Q %\\<D-7=7^n\^, (5 0. 0 

g N 0. 3K/V) , [1, 3-tf.X (S^a^/l^;* 
7^7) -^^na^^/r/i^ (i. 7g, 0. 

0 0 3^r/U) RXJ1 0 OmL^THFMLT, >K» 
-C?^*P L fc 0 ±f SGr i gnar d^M & ±1B* jK * ~ a — U 



58 



^tgmm^^^^&m^^xmwtisfc.t r 27. 5 

%) o 

[*2 5] 



} HNMR(CDC1 3 )5 

(ppm); 0.84-0.89 (m s 6H), 1.19-1,33 (m, 8H), 1.53-1.57 (m, 1H), 2.56 (d, J = 6,8 
Hz, 2H), 6.87-6.90 (m,2H), 7.19-7.23 <m,2H); l3 C NMR (CDC1 3 ): 10.86, 14.12, 

23.05, 25.70, 28.95, 32.58, .34, 40.46, 120.64, 124.79, 128.80, 141.93; FD-MS: 
m/z 196 (M + ). 



%t*PMWlsfz 0 SJSS: 2 0 0 m LOxf/i/x-r;V"e*U 
U zK, »PNaHC0 3 M^OVy-Yy-T^L 

ftfc (W7 0%) 0 rix«f5fS*E»T?*>ofcfc«>. $ 

[*2 6] 



[0 0 5 2] M2 7 : 2, 5 - \?X (7n^^f/P) - 
3- (2 -^^/U^^cis/ls) ^Jr7 ^1/ (ft^ftl2 7) 

ft^2 6 (7. Og, 0. 0 3 6^) b'* s 7%V\'J* 
TlV^fM K (2. 57g, 0. 08 6 ^U) ^ 3 m L CD 
ftSR^H B r »«f ( 3 0 %gi«jSjfc, 0 . 0 8 8^ 
/v, i8mL) izmfrlstca S/S*S*T> ^fflT?— 1*^20 

} H NMR (CDC1 3 ) 6 (ppm): 0.84- 
0.91 (m, 6H), 1.19-1,33 (m, 8H), 1.53-1,61 (m, 1H), 2.45 (d, J = 7.2 Hz, 2H), 4.63 
(s,4H),6.8i (s, 1H); n C NMR (CDCI3): 10.89, 14.09,23.01,25,33,25.89, 
26.66,28.90,32.73,40.25, 130.49, 135,51, 140.00, 141,96; FD-MS: m/z 380 



xmmm^2 5 : 7 sr-tr h> : ^^-fy^^tii 

Ufcfcr^ PJ»feffl^%9. Og (lfc*7 2%) $m 
[f 2 7] 



[0 0 5 3] «28 : 2, 5 — tf^ ^ v^^vV 
yfrxy^—h) ~3~ (2— ^^/W^V/l") ^^-y=r. 

> (it^m 2 s ) o-a^jc 

f^i27 (9. 6g, 0. 0 2 5^) t h V ^^tV 30 

4^X7r^F (10. 8mL, 0. 0 6 3^) ^10 

0 m L (D%m,y z 7 X ^ {CAtlT 1 0 0 < CfcI4^raAqj&l/* 

! H NMR(CDCl 3 ) 6 (ppm): 0.82-0.89 (m, 6H), 1.25-1.3 3 (m,20H), 1.47- 
1 .55 (in, LH) 5 2.42 (d, J - 7 J Hz, 2H), 3.19-3.29 (m, 4H), 4.01-4.1 1 (m, 8H). 6.70 
(s, 1H); l3 CNMR (CDCI 3 ): 10.90, 14,10, 16.38, 16.45, 16.46, 23.08,25.70, 
28.98,32.66,32.69, 32.70,40.48,40.48, 125.63, 129.37, 129.47, 139.91; FD-MS: 
m/z 496 (M + ). 



[0 0 5 4] S29 : N - (2 

£P77^3|:3 0 0mL(Dl*THF^NaH (6. 
Og, 0. 2 5^w) SrSS*pLfco - £>R»Jl£te: # /w^ 
/l- (3 3. 4g, 0. ^Pifc 0 Sl£S:5 

o°c^i s^iwjpfRLfca, aa*-e»aibfc 0 Ji{b2 

-xf/i//\^v/^ (4 8. 3 g> 0. 2 5^/1/) ^50 



40 ^cSB^S:«£ETT*l»* U ZtD&gmz. 3 0 0 m L (DvK 

ff;V<Djj=7J*# p-7 h^^^>r— "CSl8t*K^7 : 9 3/ 

^tti4 6. Og 8 2%) dS#ibttfco 

[ft 2 8] 
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59 



60 



NMR (CDCU) 5 (ppm): 0.82-0,90 (m, 6H, CH 3 ), 1.26-1.36 (m, 8H), 2.00-2,09 <m, 
1H), 4.1 1 {dd, J, - 7.7 Hz, h = 1.9 Hz, 2H), 7.17-7.45 (m 3 6H), 8.07 (d, J - 7.8 
Hz, 2H). 



[ 0 0 5 5 ] 0!)3 0 : N- (2 -m^vw^ ^ vVU) ~ 
3, 6 - -j7fr/\s*;Vjj/Vs<^f— jv ({^ft3 0) co^^g 
1 L(D%j&-7 7 2 1 SmL^S/KDMF t 1 1 0 

fc c r<75»SS^^*^ift<by V (128mL N 1. 4^e 10 

#LT^^0°C^^Ufc o it^m2 9 (2 0. 0 g, 
0. 0 7 2^;i/) !:3 0mL(D^^nPx^y[:^ 

"H NMR (CDC1 3 ) 5 (ppni): 0.82-0,37 (m, 6H, CH 3 ) 
] .26-1.43 On, 8H), 2.03-2. 10 (m, 1H), 4,27 (d, J = 7.5 Hz, 2H)> 7.54 (d, J = 8 5 
Hz, 2H), 8.09 <d, J = 8.5 Hz, 2H), fi.68 (s, 2H), 10.14 (s, 2H). M.p. 109-111 °C 



co 3 SJ&Rt*:/^ v-egfcjf-u titMgso, ~c 

[«2 9] 



[0 0 5 6] *°yv-(7)M i 
f^fj 3 1 : Horner-EmmonsSJ£^>— JR#MS 20 

x - |^ y v - i ^iiTc>S7j< t h f L t 0 r. 

5^f(7)NaH^aLfc 0 BLfc&mm 

[0 0 5 7] MS 2 : KnoevenagelE/Stf>— 

— /i/^fc 2IU«rtb}$ii:fco ^kftfcsKy -v — £ 4 5°CT 
[0 0 5 8] E Lf^W xcom&Rvt'&m 

M3 3 

*«K^S#Srj»/c-t-E Lr^M * &SXT<D J; 5 ^«fg 40 
L/t 0 #«EL«Kft:^S^7Ky-e— »l»S:*-rs o 
a) ^v^^ttSffcife (I TO) SrttJfLfctf^;** 

4s*^ mig^^ij^x^^^au, ift>f^^*-cy>^ 



b) /Ky -e— (7) h/^rc>?^^2 /zm(Z)7"^n^ 

-r^tfco ^y^iloi?§^5 0o~7 0oty 

^ Fn-A^ Lfc 0 

c) SRsKy-r- *1|CD±^ MgiAgSrI-7-ltl 

0 : 1 -eg-trffS 2 0 0 O^y^j* h u—J^(D^y— K 

[0 0 5 9] ±mFf&Hc£ V) e Lf/M^^)#f^T 

1 *5SW{rJ;5§!{3ftbfc7Ky ^— (Dm^^t^b 
I^e>7tf;v^t^ (PL) £r#, ^UITO 

Ei4XVBi5{c, /Ky -r— 1 7R^7 ocnmviz, myt, 

P LWEL7^ h/W£^;ft^l^--r o 06^ xKy 
[0 0 6 0] ^ 1 : 0»J{CSe 5 *° y ^~CD#ft 
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L Title of Invention 

Electroluminescent Device 
2. Claims 

1 . An electrolmninescent device comprises an anode, a 
cathode, and a polymer luminescent material disposed between the anode and 
cathode, the polymer luminescent material includes diphenyl anthracene-based 
conjugated polymer of the following formula: 




wherein: 

substituents R h R 2 , R 3l and R4 are each individually hydrogen, or alky! or 
alkoxy of from 1 to 24 carbon atoms; aryl or substituted aryl of from 6 to 28 
carbon atoms; or heteroaryl or substituted heteroaryl of from 4 to 40 carbons; and 
R 3 and R 6 are independently hydrogen, aikyi group of from 1 to 24 carbon atoms, 
or aryl oi substituted aryl of from 6 to 28 carbon aloms, or heteroaryl or 
substituted heteroaryl of from 4 to 40 carbons, or a cyano group and Ar is an aryl 
or substituted aryl of from 6 to 40 carbon atoms; or a heteroaryl or substituted 
heteroaryl of from 4 to 40 carbons. 

2. The electroluminescent device of claim 1 wherein Ar 
includes more than one Ar group. 
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3 

An electroluminescent device comprises an anode, a 
cathode, and a polymer luminescent material disposed between the anode and 
cathode, the polymer luminescent material being doped with one or more 
fluorescent dyes or other light-emitting materials, the polymer luminescent 
material including di phenyl anthracene-based conjugated polymer of the following 
formula: 




wherein: 

substituents R h R 2> R 3> and R 4 are each individually hydrogen, or alky] or 
alkoxy of from 1 to 24 carbon atoms; aryl or substituted aryl of from 6 1o 28 
carbon atoms; or heteroaryl or substituted heteroaryl of from 4 to 40 carbons; and 
R 5 and R fi arc independently hydrogen, alley! group of from 1 to 24 carbon atoms, 
or aryl or substituted aryl of from 6 to 28 carbon atoms, or heteroaryl or 
substituted heteroaryl of from 4 to 40 carbons, or a cyano group and Ar is an aryl 
or substituted aryl of from 6 to 40 carbon atoms; or a heteroaryt or substituted 
heteroaiyl of from 4 to 40 carbons. 
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3. Detailed Description of Invention 

FIELD OF THE INVENTION 

The present invention relates to electroluminescent (EL) devices 
which have effective polymer luminescent materials. 

BACKGROUND OF THE INVENTION 
Electroluminescent (EL) devices ore optoelectronic devices where 
light emission is produced in response to an electrical current through the device. 
The term light emitting diode (LED) is commonly used to describe an EL device 
where the current-voltage behavior is non-linear, meaning that the current through 
the EL device is dependent on the polarity of the voltage applied to the EL device. 
Organic materials including both polymers and small molecules have been used to 
fabricate LEDs. Polymers exhibit a number of attractive properties for the 
understanding of physical processes in organic electroluminescence as well as 
their practical use for low cost, full color flat panel displays and other emissive 
devices. Organic polymers generally offer significant processing advantages over 
small molecules especially for large area EL display because polymers films can 
be easily produced by casting from solution. 

Conjugated polymers are a class of polymers that possess an 
extended Tr-bond nehvork along polymer main chain. Their electronic states can 
delocalize caused by the effect of the electron-lattice and electron-electron 
interactions. Conjugated polymers such as polyfrheavlvmylene) (PPV) were first 
introduced as EL materials by Butroughes et al in 1 990 (Burroughes, J. H. Nature 
1990, 347, 539-41). To improve the polymer solubility, dialkoxy-substituted PPV 
such as poIy^S-dialkoxy-p-phcnylenevinylene) and MEH-PPV, poly[2-methoxy- 
S-G'-ethyl-hexoxyO-p-phenylenevinylene] have been developed. EL efficiency 
has been improved by balanced electron-hole injection and recombination of the 
charge earners. Other conjugated polymers such as polydialkylfluorene (PF) 
(Ohmori, Y. et al J pn . J. AppL Phy*. Part 2 1991,20, L1941-LI 943), po|y(p- 
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phenylene) (PPP) (Gretn, G. et al Adv. Mater. 1 992, 4, 36-7), and poly(thiophcne) 
have dso been studied. 

The light- em it ting layer of an EL device includes a highly 
luminescent material where electroluminescence is produced as a result of 
electron-hole pair recombination in this region. In order to achieve efficient light 
output the efficient and highly fluorescent materials are required. 9,10-Diaryi 
substituted anthracenes are well known for their high fluorescent efficiency. The 
highly efficient light output and high operational stability of EL devices have been 
disclosed in commonly assigned U.S. Patent Nos. 5,935,721 and 5,972,247 by 
using substituted anthracenes as light-emitting materials. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide luminescent 
polymeric materials useful for polymer EL devices. 

It is a further object of the present invention to provide various 
energy bandgap luminescent polymers which emit broad range of color. 

A new class of anthracene-baaed polymers has been discovered for 
use in electroluminescent devices. 

These objects are achieved in an electroluminescent device 
comprises an anode, a cathode, and a polymer luminescent material disposed 
between the anode and cathode, the polymer luminescent material includes 
diphcnylantliraccae-based conjugated polymer of the following formula: 




wherein: 

substitnents R tj R 2 , R 3j and R4 are each individually hydrogen, or alky] or 
alkoxy of from 1 to 24 carbon atoms; aryl or substituted aryl of from 6 to 28 
carbon atoms; or hcleroaryl or substituted heteroaryl of from 4 to 40 carbons; and 
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R 5 and R 6 are independently hydrogen, alkyi group of from I to 24 carbon atoms, 
or aryl or substituted an/1 of from 6 to 2S carbon atoms, or heteroaryl or 
substituted heteroaryl of from 4 to 40 carbons, or a cyano group and Ar is an aryl 
or substituted aryl of from 6 to 40 carbon atoms; or a heteroaryl or substituted 
heteroaryl of from 4 to 40 carbons. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates in cross-section a hi-layer EL device which can 
use a polymer in accordance with the present invention; 

FTG. 2 illustrates a cross-section of a modified bi-laycr EL device 
which can use a polymer in accordance with the present invention; 

FIG, 3 illustrates a cross-section of a single-layer EL device which 
can use a polymer in accordance with the present invention; 

FIG, 4 illustrates the absorption, emission, and photoluminescence 
spectra of polymer 17 and electroluminescence spectrum of single-layer EL device 
fabricated from polymer J 7; 

FIG, 5 illustrates the absorption, emission, and photoluminescence 
spectra of polymer 70 and electroluminescence spectrum of single-layer EL device 
fabricated from polymer 7Q; and 

FIG, 6 illustrates the voltage-current density and luminance 
characteristics o f a single-layer EL device fabricated from polymer 17, 
DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides light emitting polymers containing 
diphenylaafhracene with good solubility and thermal stability as shown in formula 
L The rigid cluomophorein the polymer mam chain increases the rigidity of the 
polymer backbone and improves thermal properties. Polymers containing such 
chromophore are highly fluorescent and efficient light emitting materials. 
In corporation of the Ar group has the following features: 

1) to further improve solubility of the polymer; 

2) to achieve balanced electron-hole injection and recombination of the 
charge earners; 
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3) to improve electron or hole transporting ability; and 

4) to tunc the emissive color of the polymer, 

The polymer shown in formula I is a homopolymer or a copolymer 
containing a diphenylanthracene unit. 



substiruents R ( , R 2l R 2i and R4 are each individually hydrogen, or allcyl or 
alkoxy of from I to 24 carbon atoms; aryl or substituted aryl of from 6 to 2S 
carbon atoms; or heteroaryl or substituted heteroaryl of from 4 to 40 carbons; and 
R 5 and R 6 are independently hydrogen, alkyl group of from 1 to 24 carbon atoms* 
or aryl or substituted aryl of from 6 to 28 carbon atoms, or heteroaryl or 
substituted heteroaryl of from 4 to 40 carbons, or a cyano group and Ar is an aryl 
or substituted aryl of frorn 6 to 40 carbon atoms; or a heteroaryl or substituted 
heteroaryl of from 4 to 40 carbons. 



methyl, ethyl, propyl, iaopropyl, butyl, isobutyl, tbutyi, pentyi, hexyl, ctliylhexyl, 
heptyl, octyl, nonyl, decyi, dodecyl, hexyadecyl, cyclohexyl, cyclop entyl, methoxy, 
ethnxy, butaxy, hexyioxy, ethylhexyloxy, methoxyethoxyethyl, 
methoxyethyloTtyethoxyethyl, phenyl, tolyl, nathphyl, xylene, anthracene, 
phenanthrene, phenylmethylcnephenyl, benzyh phenoxy, pyridyl, thiophenyL 
Preferably, R,, R 2 , R 3) and R4 are hydrogen, t-butyl, phenyl, 2 ethylhexyloxy, or 4- 
methoxyphenyl, and R 5 and R 6 are hydrogen, or a cyano group. 



which includes phenyl, biphenyh naphrhyl, anthracene, fluorene, phenanthrene, 
spirophenyl, peryiene, or pyrene groups; 




I 



wherein: 



More specifically, R 1} R 2 , R 3a and R«, can represent hydrogen, 



Ar is an aryl or a substituted aryl having 6 to 40 carbon atoms 
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Or Ar is a heteroaiyl or substituted heteroaryl having 4 to 40 
carbons which includes pyridine, thiophenc, pyrrole, bithiophcne, furan, 
benzoten, benzirnidazole, quinoxaline, phenylquinoline.dipheyloxadizaole, 
carbazole, or benzoxazole or combinations thereof. 

The following molecular structures constitute specific examples of 
preferred polymers satisfying the requirement of this invention; 
r 




polymer I R , ^r^r^h, R 2 «2-ethylhexyIoxy a R^CN, p=0 
polymer 2 Ri^Ri-Rj-H, Rrf-ethythexyloxy, R^CN, p=l 
polymer3 R l -R 3 -R4=R 5 ! =H ) R 2 =2^ctIiylhexyloxy, p-0 
polymer 4 Ri=R 3 -R 4 : =H s Ri=R 3 =hexyloxy s p=0 
polyaierS R I -R 3 =R 4 -H } R 2 -R 5 =hexyloxy, p=l 
polymer 6 Ri-R 3 -H, R 2 =R 5 =hexy]oxy ) p=], R^CN, p=l 
polymer 7 R,-R 5 -hexyl s R^t-butyl, R 3 =R4-H, p=l 




polymer 8 Ri=R_t=R4=R 5 =H, R 2 =2-ethylhexyloxy, R 6 =n- 
hexyloxy 

polymer 9 Ri-R^R^H, Rrf-ethylhexyloxy, R^CN, 

Rs=n-hexyloxy 
polymer 10 R^R^R^r^h, R 2 =2-ethylhexyloxy, R 5 = n 
hcxyloxy 
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polymer 11 R 1 ^R 3 =R 6 =R ) R 2 =2-ethyIhexyloxy, R4=CN, 

R?-n-hc7tyloxy 
polymer 12 R^Ra-Rs-n-hexyl, Ra-R^R^H 
polymer 13 R[ =R 2 =R 3 =n-hexyloxyI 1 R3-R4-R5-H 
polymer 14 R|-R 2 =Rfi=n-hexyioxyI, R 3 -R4=R 5 -H 
polymer 15 Ri=R 3 =R4=Rj=R^H, R 2 =2-ethythexyloxy 




polymer 16 R^R^R^R^H, R 2 =2-ethylhcxyloxy s R 3 =CN 
polymer M Ri-R 3 =R4-Ro=H ) R 2 =2-ethyihexyloxy J R 5 =n- 
hexyloxy 

polymer 18 R,-R 3 -R 0 -H, Ra-2-ethylhcxyloxy, R^CN, 

R 5 =n-hexyloxy 
polymer 19 Ri=R*-R 6 =H, R^-ethylhexyloxy, R 3 -CN, 

Rs=n-hexyloxy 
polymer 20 R^R^R^H, R^CN, R 2 -R s -ii-hcxybxy 
polymer 2 1 R|=R 3 =R4=R5=H } R 2 =2-ethylhexyloxy, R 6 -n- 

hexyloxy 

polymer 22 R,=r 3 =r 5 =h, Rrf-ethyihcxyloxy, R4=CN ? 

R5=a-hexyIoxy 
polymer 23 R^r^r^h, Rj-n-hexyl, R 3 =CN, R 6 -n- 

hexyloxy 
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polymer 24 R 3 =R.5=R 4 =R 5 =H J R 2 -2-ethylhexyloxy 
polymer 25 Ri=RA-Rs=H f Rr=2-ethylhexyloxy, R 3 =CN 
polymer 26 R t =R r n-hexyl, R 2 ~t-butyl, Ri-R^H 
polymer 27 R^R^n-hexyl, R 2 =t-butyl, Rj-H, R^CN 
polymer 28 R[=R 2 =R 5 =n-hex:yloxy, R 3 =^Lr=H 
polymer 29 R l -R 2 =R 5 -n-hexyloxy i R 3 -CN, R,=H 
polymer 30 R l -R 5 =n^hexyloxy, R 2 »n-hexyl, R 3 ~CN, Ra=H 




polymer 31 R)=R 3 -R 4 -R 5 -H, R 2 -2-ethylhexyloxy 
polymer 32 R,=R^R 5 =H, R 2 =2-ethylheKyloxy, R 3 =CN 
polymer 33 R^Rj-n-hexyj, R 2 =t-butyl, R 3 -R 4 =H 
polymer 34 R l =R 5 =n-hcxyI ) R 2 =t-bulyl, R 3 =H, FU-CN 
polymer 35 R|=R 2 =R 5 =n-hexyloxy, R 3 =R4=II 
polymer 36 Ri=R 2 =R 5 ^n-hexyloxy 1 R 3 =CN, R 4 -H 
polymer 37 Ri=Rs^n-hexyIoxy, R. 2 =n-hexyl, R 3 ^H, P^^CN 
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polymer 38 R,=K. 3 =R 4 =R 3 =H J R 2 =2-ethylh©xyl0xy 
polymer 39 Ri=2-ethylhexyloxy, R 3 =CN 

polymer 40 R^R^n-hexyl, R 2 =t-butyl } R,=R^H 
polymer 41 R|HR a «Ry»n-hexyloxy s R3HELHH 
polymer 42 Ri=R 2 =R 5 =n-hexylDxy, R 3 -CN } R<~H 
polymer 43 R,=R 5 = r -riexyloxy : R 2 =n-hexyl, R 3 =H, R4-CM 




polymer 44 R 1 =R 3 =R 4 =r 6 =h 5 Rs-R^-etriylhexyloxy, 
p-q-1 

polymer 45 R^R^R^Rj^H, R 2 «R 6 -2-ethylhexyIoxy, 
p=q-l 

polymer 46 Rj-RHRs-H, R 5 =R6=2-e&ylhexyloxy, 

R 3 =CN, p=q=J 
polymer 47 R,=R 2 =R fi =n-hexyIoxY 3 Rj-R^Rg-H, 
polymer 48 R|HR a =R 6 -n-hexyloxy, R 3 ^R,=R 5 =H 3 p-q=l 
polymer 49 Ri=R 6 =n-hexyloxy 7 R 2 -t-butyl, R 3 =R 4 =R 5 =H J 

p=q-l 

polymer 50 R^R^n-hexyloxy, R 2 -t-butyl, R^R^K, 

R4=CN 9 p^q^l 
polymer 51 Ri-R 5 -n-hexyloxy, R 2 =t-butyl, R 3 -CN, 

lUH&eHH, p=q-l 
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polymer 52 R 1 =R 3 ^R 4 =R5=H, R 2 =2-ethylhexyloxy 
polymer 53 Ri-R4=Rs=H } R 2 =2-cthylhexyloxy s R 3 =CN 
polymer 54 R|=R 2 ^R 5 =n-hex:yi 5 R 3 =R 4 =H 
polymer 55 Ri =R 2 =R 5 -ri-hexyioxy } R 3 -R4=H 
polymer 56 R| =R2=R5=n-heKyloxy t R 3 =CN, R4=H 
polymer 57 R l -R 5 =n-hexy1oxy, R 2 =n-hexyl, Ri=lL R4=CN 




poller 58 R, -R 3 =R4=R 5 -H } R 2 =R 6 -2-ethylhexyloxy 
polymer 59 R 3 -R4=R 6 =H, R2=R5=2-ethylhexyloxy, R 3 =CN 
polymer 60 R|=R 2 -R 5 =n-he?cyI r Rj=R4-R^H 
polymer 6 1 R, =R 2 -R^n-hexyLoxy> R 3 -R4~R 6 -H 
polymer 62 R|=R 2 =R 5 =n-hejcyloxy > R 3 -CN, R4=R 6 -H 
polymer 63 R[-R s =n-hexy]oxy, R^n-hexyl, R 3 =R 6 =H 5 
Ri=€N 
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polymer 64 Ri=Rr=R 4 =R s =H, R2=R6=2-ethylhexyIoxy 
polymer 65 Ri=R 4 -R fi =H, R 2 =R 5 =2-ethtf hexyloxy, R 3 =CN 
polymer 66 RrR z -R5-n-hcxyl, Rj==R4=R 5 =H 
polymer 67 Ri=R z =R 5 =n-hexy!oxy, r 3 -r 4 -r 6 -h 
polymer 68 R[=R 2 -R 5 -n.hexyloxy 3 R 3 =CW, R<=R 6 =H 
polymer 69 Ri-R 5 ^n-hexyloxy, R 2 =n-hexy] 3 Rj-R^H, 
R4=CN 




polymer 70 R { =R j-R 4 -R 3 -R fl =*H, R 2 =2-ethylhexyloxy 
polymer 71 R 1 =R 4 =R 5 =R^H, R2=2-ethylhexyioxy, R 3 -CN 
polymer 72 R l -R2=R 5 =n-hexyl > R 3 ^=r 6 =h 
polymer 73 Ri =R 2 =R 6 ~n-hexyIoxy, R 3 =r 4 =r^h 
polymer 74 R 2 =R 5 -R 6 -n-hexyioxy 1 R l =R 3 =R j -H 
polymer 75 Ri=R 3 =*U-H, R 2 =2-ethylhexyloxy, 

R 5 =methoxy, R 6 =3 3 7-dimetbyloctyloxy 
polymer 76 R,=R 3 «H, Rr=2-ethylhexyloxy, R^CN, 

R 5 =methoxy, R6=3 5 7-dimefchylocLybxy 
polymer 77 R.-Rj^H, R 2 -2- e thyihcxyloxy 3 

R^-Re^N.N-diphenylainino 
polymer 78 R^Rj-H, R2=2-ethyihexyloxy, R^CN, 

R5 -R 6 ^N,N -cl ipheny taint n n 
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polymer 79 R l =R j -R 4 -R 5 =H 1 R 2 =R fi ==2~ethylhexyloxy 
pol)oner 80 R,=R4=R 6 =H S Ri=R 5 -2-eihyihexyloxy, R 3 =CN 
polymer 81 R|=R 2 =R 5 =n-hexyl, R 3 =R4=R 6 =H 
polymer 82 R ( ==R 2 =R. 1 =i>1iexYloxy, Ri=R4=R g =H 
polymer S3 Ri=Ri«Rg-n-hexyloxy, R 3 -CN, R^Rs-H 
polymer 84 RrR 5 =n-hexyloxy, R 2 =n-hexyf, r 3 =r^h, 
R4-CN 




polymer 85 R^RiHE^Rj^-H, R 2 -2~ethylhexyloxy 
polymer 86 R^R^Rj-Rg-H, R 2 =2-ethylhexyIoxy, R 3 -=CN 
polymer 87 Ri=R 2 =R 5 -R 6 =n-he>cyl > R^R^H 
polymer 8S R [ =R 2 -R 5 =R^n-hexy3, R 3 -€N, R^H 
polymer 89 RiHRr-R^bcxyl. Rj^R^Rs-H 
polymer 90 R,-R 3 =R 4 -H, R^-ethyihexyloxy, R s =R^=n- 
hexyl 

polymer 91 R,-R 3 ~H, Rs^Z-ethylhexyloxy, R4-CN, 

Rs^R^-n-hexyl 
polymer 92 R^-n-hexyloxy, Rj-CN, R^R^n- 

octyl 

polymery R^R^n-hexyloxy, R 3 =R4-H, R 5 -R 6 - n -octyl 
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polymer 94 Rr=R 3 =R4=H, R2=2-etUylhexyioxy 
polymer 95 RrMl R 2 =2-ethylhexyloxy 1 R 3 -CN 
polymer 96 R 1 =R 2 = : n-hexyl 5 Rj=R4=H 
polymer 97 R,=R 2 =n-hexyloxy. R 3 ^R^=H 
polymer 98 R]=R 2 -=n-hexyloxy, R 3 -CN, R+^H 
polymer 99 Rj-n-hexyloxv, R 2 =n-hexyl 3 Rv=H, R4=CN 




polymer 100 Ri«R 3 =R 4 =R 3 =H J R 2 =2-ethylhexYloxy 
polymer 101 Ri=R 2 sss 2-ethylriexylDxy, R4=Rs=H, R 3 =CN 
polymer 102 Ri=R 2 ==R 5 --n-hexyl, R 3 =R4=H 
polymer 103 Ri-RaHfcj^n-hexyloxy, R 3 =R4=H 
polymer 104 Rj^R 2 =R 5 =n-riexyIoxy, R 3 =CN, iU^H 
polymer 105 R l =R 5 ==n-hexyloxy > R 2 ^n-hexyl, R 3 =H, 
R4=CN 
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polymer 106 R 1 -R 3 -R 4 ^R 5 =H J R 2 -2-ethylhcxyloxy, p-1 
polymer 107 Ri^R 2 =2~ethyihexyloxy, R4=R 5 =H 3 R3=CN > 
p=J 

polymer 108 R ] -R2 !SS Rs=n-hc?:yl, R 3 -R4=H, p=2 
polymer 109 Ri=R 5 =n-hexyi, R 2 =n-hexyloxy, R^l^H, 
p-2 

polymer 1 LO R,^R 5 =n-hexyl, R a -n-hexyloxy, R 3 =CN, 
Rr=H, p-2 




polymer 1 1 1 R I =R 3 =R 4 =R5=R6^H, R 2 =2~ethyihexylox y> 
P-1 

polymer 112 R^^-ethylhexyLoxy, R<=R 3 =R (r H, 
R 3 =CN, p-1 

polymer 113 Ri=Ra~2-ethy1hexylo3ty 7 R3=R 4 -Rs=R <i =H ) 

polymer 114 R,-R 3 =R^-R 3 -H J R 2 =2-cthylhexytoxy, R 6 =2- 

ethylhexyl, p=i 
polymer 115 R]-R 5 =R 6 =n-hexyI, R 2 =t-butyl, R^R^H, 

p=2 

polymer 116 R^Rj^R^n-hexyl, R 2 =*butyl, Ry-CN, 
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polymer 117 R l ^R 3 nR 4 =R 3 =H, R 2 =2-ethylhexyloxy 
polymer 118 Ri=R 2 =2-ethyihexyloxy, R+=R 5 =H J R 3 ^CN 
polymer 119 R|-R 3 -PU=H, R 2 =2-ethylhexyloxy, R 5 =2- 
ethylhexyl 

polymer 120 R|-R 3 -R4=H, R 2 =2-ethylhexyloxy, R 5 =2- 
ethylhexyl 

polymer 121 Rj-ELHH, R 3 =2-ethylhexyIoxy 1 R 3 =CN, 

R 3 =2-e%lhexyl 
polymer 122 R^Rs^hexyt, R 2 =i>hexyIoxy, R 3 =CN, 

R 4 =H 




polymer 123 Ri=R 3 =R 4 =R 5 =».H, R 2 =2- ethyl hexyloxy 
polymer 124 R,=R5=n-hexy1, R 2 =n-hexyloxy, R 3 =CN, 
R4-H. 

polymer 125 Ri-R 2 =2-ethylhexyioxy, R4=R 5 -H, R 3 =CN 
polymer 126 R^Rjr^H, R 2 =2 -ethyl hexyloxy, 
ethylhexyl 

polymer 127 R,=R 4 =H, R^2-etliy!hexyIoxy, R 3 -CW } 

R5 w 2-ethylhexyl 
polymer 128 R,=Rj=n-hexy], R 3 =t-butyl, R3-R4-H 
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polymer 129 Ri-R^^R^R^H, R 2 ~2-cthylhcxyloxy, 

Rs^n-hexyUp-I 
polymer 130 Ri=R a =2~ethylhexyloxy, R^r^r^h, 

Ft 3 =CN, Rf-n-hexyl, pH 
polymer 131 R|=R 2 -2-ethylhexylaxy, R^R4=R 6 -H, 

Rs^Ry^n-hexyl, p=2 
polymer 132 R,=R 2 -2-ethylhexyJ, R^r^r^r, R^r 7 ^_ 



polymer 133 Ri-2-ethylhexyJxoy, R 2 ^butyl, Rj-CN, 
R4^R6=H, R ? =R 7 *=n-hexyl } p-2 

polymer 134 R^R-^-ethylhexykoy, ^-t-butyl, R^CK 
R^R^H, Rj=n-hexyl, p=2 



polymer 135 R,=R 3 -R<-R^R^H t R 2 -2-ethylhexyloxy, 



polymer 136 Rj=R 2 =2-efhylhexyloxy, FL~R 5 ~R 5 ^H, 

R 3 -CN } p^^l ; q-2 
polymer 137 R r -R 2 =-2- ethyl h ex yloxy, R 3 =R4=R 5 =R 6 -H, 

p=q=r^2 

polymer 138 R l =R 3 =R 4 ^H, R 2 ^ctriyIhe X ylaxy, R 6 = 3 - 
ethyihexyl, p=r=l> q-2 



hexyl, p=2 




p=q=*]~ 1 
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polymer 139 R^R^^n-hexyJ, R 2 -t-butyl, R3-R4-H, 
p-q=r=*I 

polymer 140 R^R 5 -R 5 =n-hexyl, Ra-t-butyl, R 3 -CN ; 
R 4 =H,p=q-r=l 




polymer 141 R,=R 3 -R^H ? R 2 ~2-ethylhexyloxy, X-O 
polymer 142 Ri^-H, R 2 =2-ethylhexyloxy, R 3 =CN, X=^S 
polymer 143 R^R^n-hexy!, R^R^H, X-O 
polymer 144 R,=R 2 =r}~hexyloxy 3 R^R^H, X-S 
polymer 145 R } ~R a =i]-hexyIoxy, R*=CN ? R^H, X=0 
polymer 146 R,=n-hexyloxy s R 2 -n-hexyl, R 3 =H 5 R^CN, 
X=0 




polymer 147 Ri-R^R^r^h, R 2 =2-ethylhexyloxy 
polymer 148 R,-R 2 =2-ethylh C xyloxy, R 4 =R 5 -H, R 3 -CN 
polymer 149 R,=R 2 =R 5 ~n-hexyl, RH£U=H 
polynior 150 R^R^n-bexyk Ram-hexytaxy, R 3 «R*=H 
polymer 151 R^-n-hexyl, R 2 -rM,exyIoxy, R^CN, 
R4-H 
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polymer 152 R|^K.j=R 4 =R 5 = ! R6=H, R 2 =2-ethylhexyloxy 
polymer 153 R l «Jt 2 =2-ethylJiexyIoxy,ILrR 3 =R 0 -H > 
R 3 =CN 

polymer 154 Ri =R 2 =2-ethy(hexyloxy ? R^R^Rj^r^h 
polymer 155 R,=R 3 =R 4 =R 5 =H 5 R 2 =2-ethylhexylox y> R e -2- 

ethylhexyl, p-r=l 3 q=2 
polymer 156 Ri=R 5 =R6 HS n-hexy1 > R 2 =t-butyl, R 3 =Rj=H 
polymer 157 R>-R s -R 6 -Ti-hexy], R 2 =i-bu(yl > R 3 -CN, 

R4=H 




polymer 158 R,-R } -R4=R 5 =H, R 2 =2-ethylhcxyloxy 
polymer 159 Ri«R a -2-othylh«7syloxy s R,pR 3 =H, R 3 -CN 
polymer 160 Ri=R i =R 5 =n-hexy!oxy J Rj^R4=H 
polymer 161 R]=R 5 ^n-hexyl, R 2 =n-hexyioxy ? R 3 =I^U=:H 
polymer 162 R,-R 5 =n-hexyl, R 2 -ji-hexyloxy» R 3 -CN, 
R4-H 
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polymer 163 R,-R ? -R4=R 5 =H, 2-cthylhcxybxy 
polymer 164 Ri=R 2 =2-cthylhexyloxy ! R 4 ~R S =II 1 R 3 -CN 
polymer 165 Ri=R 2 =R;j=ii-hexyloxy, R 3 =R 4 =H 
polymer 166 RiHRs^n-hexyl, R 2 =rvhexyloxy, Rj-R^H 
polymer 167 Ri=R 5 =n-hexyl, Ri»n-hexyloxy, R^CN, 




polymer 168 Ri=Rj=R 4 = f H J R^-ethylhexyloxy, p=q=l> 
X~S 

polymer 169 R,-R4=H, R 2 =-2-ethylhesLyloxy, R 3 =CN, 
Ra=2-ethylhexyloxy, p=q=l ? X=S 

polymer 170 Ri=Rj=n-hexyl, R 3 =R 1 =H > p^q*=l ? X=N-n- 
hcxyl 

polymer 1 71 Ri=R 2 =n-hexyl, R 3 -R4=H, p-qO, X-N-n- 
hexyl 

polymer 172 Ri==R 2 =n-hcxylosy a R 3 =R,i=H 
polymer 173 R|~R 2 =n-hexyloxy, R 3 =CN } R^H, p=q=l } 
X=N-n-hexyl 

polymer 174 R|=n-hexyloxy, R 2 =n-hexyi, R 3 =H, R^CN, 
X-O, p=q=l 
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polymer 175 Ri=n-hexyioxy } R 2 =2-ethylhexyl, R3~H, 
R4-CN, X=0, p=q=2 

In formula I, Ar can be one or ihe combinarion of more than one of 
the above divided groups. The specific molecular structures can be the 
combination of any of che above drawn structures. 

The polymerization method and the molecular weights of the 
resulting polymers used in the present invention are given here as only illustrative. 
The polymers may be prepared by condensation polymerizations such as Wittig 
reaction, Homer-Emmons reaction, Knoevenagel condensation, Heck reaction, 01 
a precursor method (Science, 1995, 269 f 376), preferably by a Homer-Emmons 
reaction or a Kno even age! react ioa According to the present invention, the above 
mentioned polymers were prepared by a Homer-Emmons reaction between an 
aromatic rttcarboxy aldehyde and a diphosphate, or a Knoeveuagel reaction using 
an aromatic dicarboxyaldehyde and a dicyano compound in the presence of a 
strong base such as potassium t-butoxide or sodium hydride. The synthetic 
schemes for polymers and monomers are illustrated in Schemes 1-7. 

FIG. I illustrates the basic structure used to construct organic EL 
devices. It is a bi-layer structure including a hole transpoit layer 30 and an 
electron transport layer 40. The electron transport layer 40 is also the emissive 
1 aver from which electroluminescence originates, Together they form the EL 
medium 50. The anode layer 20 is adjacent to the hole transport layer* 30 and the 
cathode 60 is adjacent to the electron transport layer 40. The substrate is layer 10, 
This figure is for illustration only and the individual layer thickness is not scaled 
according to the actual thickness. 

FIG. 2 illustrates an alternative construction of the EL device. It is 
a modified biTayer structure. The EL medium contains an emissive layer between 
the hole transport layer 300 and the electron transport layer 400, This emissive 
layer is the layer where electroluminescence originates. Thus, layer 300 is the 
hole transport layer, layer 400 is the emissive layer, layer 500 is the electron 
transport layer, and together they form the electroluminescent medium 600. Layer 
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200 is the anode and layer 700 is the cathode. The substrate is layer 100. This 
figure is for illustration only and the individual layer thickness is not scaled 
according to the actual thickness. 

The bi-layer EL devices are the basic structure providing high 
luminous efficiency and low operating voltage. Alternative EL device structures 
have been demonstrated to provide improved device performance. Those 
alternative structures include features in addition to the basic bi -layer structure 
such as the following structure A) hole injection layer as disclosed in commonly- 
assigned U.S. Patent No. 4,356,429); B) cathode modification with alkaline or 
alkaline halides as disclosed in commonly- assigned U.S. Patent No. 5 7 7 76,622; C) 
anode modification with plasma^deposited fluorocarbons as disclosed in 
commonly-assigned U.S. Patent Application No. 09/191,705; and D) doped 
emitter layer inserted between the hole transport and electron transport layer as 
disclosed in commonly- assigned U.S. Patent No. 4,769,292. 

FIG. 3 illustrates another alternative construction of an EL device. 
It is a single-layer structure comprising an emitting layer 3000, sandwiched 
between an anode 2000 and cathode 4000. The emitting layer 3000 also acts as a 
charts earner layer. Thus, single layer 3000 is the electroluminescent medium. 
The substrate is layer 1000. This figure is for illustration only and the individual 
layer thickness is not scaled according to the actual thickness. 

A preferred EL device structure of this invention is a single-layer 
structure comprising an anode, a cathode, and single layer of electroluminescent 
medium. This electroluminescent layer is the emissive layer, and is also capable 
of transporting electrons as well as holes. The principle function of this layer is to 
provide efficient emissive centers for electroluminescence. This layer can 
includes one of the above mentioned polymers or the blend of two or more 
polymers, or polymers doped with one or more fluorescent dyes (FD) or other 
light-emitting materials. The fluorescent dye is usually present in an amount on 
the order of a few molar percent or less of the host polymer and it is sufficient to 
cause the EL emission to be predominantly that of the fluorescent dye. Using this 
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method, highly efficient EL devices can be constructed, Simultaneously, the color 
of the EL devices can be timed using fluorescein dyes of different emission 
wavelengths. By using a mixture of fluorescent dyes, EL color characteristics of 
the combined spectra of the individual fluorescent dyes are produced. This dopant 
scheme has been described in considerable detail for EL devices in commonly- 
assigned U.S. Patent No. 4,769,292. An important criterion for choosing a 
fluorescent dye as a dopant capable of modifying the hue of light emission when 
present in a host material is a comparison of their energy bandgap. For efficient 
energy transfer from the host to the dopant molecule, a necessary condition is that 
the energy bandgap of the dopant is smaller than that of the host polymer. 
Preferred fluorescent dyes used as the dopant in the emissive layer include but are 
not limited to coumarins, stilbenes, distrylstibenes, anthracene derivatives, 
tetracene, perlenes, rhodamines, and arylamincs. 

The molecular structures of the preferred fluorescent dyes for the 
emissive layer in the EL device are listed as follows: 




R 



FD I R~H 

FD 2 R=C0 2 P*-i 




FD 3 R=H 3 R.'=t-Bu 
FD4 R=R>t-Bu 
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FD8 R=H 

FD 9 R=Mc 

FD 10 R=Pr-i 

FD 1 1 R=2-ethylhexyl 
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FD 12 R,=R 2 =Me,X-0 
FD 13 Ri=R 2 -=hexyl, X=0 
FD 14 Ri-R 2 =phenyl 7 X-O 
FD 15 R r R 2 -Me,X=S 
FD 16 Rj-Ra-hexyl, X=S 
FD 17 R|=R 2 =ptienyl, X^S 




FD 18 R=r>hexyi 
FD 19 R=phenyi 



The above mentioned polymers can be deposited as high quality 
transparent thin films by spin-coating or iiikjet printing 1he polymer solutions. 
Preferably, the spin-coating technique is used to fonn layer 3000, and preferably, 
only one polymer is deposited as single layer of electroluminescent medium. 

Preferred materials for use in forming the anode modified with 
fluorocarbons are disclosed in commonly- assigned U.S. Patent Application No. 
09/191,705. 

Preferred materials for use in forming the cathode of the EL 
devices of this invention are M& Li, or alloys of these materials as disclosed in 
U.S. Patent No. 5,429,884 and commonly-assigned U.S. Patent No. 5,776,622, 
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EXAMPLES 

The invention arid its advantages are further illustrated by the 
following specific examples: 

Synthesis of Monomers 
Monomers to be used in the present invention are illustrative only. 
Any monomers can be used as long as the polymer formed satisfies the general 
formula (E). Typical monomer and polymer synthesis is illustrated in Schemes 1 - 
7. 




Scheme L 
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J Q 

6 



Scheme 2 
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Scheme 6 



CHO- At, -CI 10 



I 



CHO- All -CHO + CN^Aii^CN 



Scheme 7 



Example I: synthesis of 2,6-bis(2-ethjlhexyloxy)anthraquinone (compound 
1) 

2,6-Dihydroxyanthraquinone (100.0 g, 0.42 mol) and 2-ethylhexyl 
bromide (165.0 g : 0.86 mol) were dissolved in 1 L of DMF. To this solution was 
added anhydrous K 2 C0 3 (1 20.0 g, 0.87 mol). The reaction was heated at 90 °C 
overnight. Most of DMF was removed and 500 mL of water was added. The 
reaction was extracted with ether (3x400 mL), washed with brine ( 1 x200 rnL), and 
dried over MgS0 4 . Solvent was removed and the crude product was recrystallized 
from methanol to give yellow powder/ product 125.21 g (65% yield). 1 H NEvIR 
(CDCU) 5 (ppm): 0.92-0.98 (m, 12H,CH 3 ) S 1.34-1.54 fm, L6H), 1.75-1.8] (m, 
2H, CH(CH 3 )), 4.02 (d, J - 5.5 Hz, 4H, OCH 2 ), 7,19 (d, J = 8.4 Hz, 2H), 7.70 (s, 
2H} 5 8.19(d,J = 8.5Hz,2H); l2 C NMR (CDCi 3 ): 11.12,14.06,23.04,23.83, 
29.08, 30.51,39.34,7134, 110.64, 120.84, 127.00, 129.62, 135.88, 164.29, 
132.27. M.p. 49-51 °C; FD-MS: m/z 464 (M + ). 
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Example 2: synthesis of 4-broma-2*t-biityklimethylsiIyloxymethylbenzejie 
(compound 2) 

To a 1-L round-bottomed flask were added 4-bromobenzyl alcohol 
(100.0 g ? 0.53 mol), imidazole (91, 0 g, 1.34 mol), t-butyldimethykilyl chloride 
(TBDMS-C1) (96.5 g, 0.64 mol), and DMF 1 00 mL. The reaction mixture was 
stirred at room temperature under nitrogen overnight. The reaction was poured 
into water and extracted with ether three times and the combined organic phase 
was washed with water three times and dried over MgSO^, After solvent was 
removed, the product was obtained as light yellow liquid 154.2 g (62% yield}. l H 
NMR (CDC1 3 ) 5 (ppm): 0.07 (s, 9H), 0.9 i (s, 6H), 4.65 ( S> 2H), 7.17 (d, J - 8.2 
Hz, 2H), 7.42 {s ? J - 8.3 Hz, 2H)j n C NMR (CDCta); -1.71, 21.93, 29.48, 67.89, 
124.13, 131.27, 134.82, 144.02; FD-MS: trv'z 301 (M 4 ). 
Example 3: synthesis of 2 } 6-bis(2-ethy]hexyloxy)-9 5 i0-di(4- 
hydroxymethylphenyI)anthracene (compound 3) 

Compound 2 (67.2 g, 0.22 mol) was dissolved in 300 mL of 
anhydrous THF and cooled to -78 °C. To this solution was added n-BuLi (2,5 M 
in hexane, 86 mL, 0.22 mol) slowly to maintain ihe temperature lower than -60 
*C After addition, the orange-yellow solution was stirred at -78 °C for an hour. 
Compound 1 (30.0 g, 0.065 mol) was dissolved in 200 mL of anhydrous THF and 
added dropwise to the above cooled soultion. TLC analysis indicated the 
completion of the reaction. The reaction was warmed up slightly and HI solution 
(57% in water-, 145 g, 0.65 mol) was added slowly to quench the reaction and to 
de-protect the TBDMS group. The deep blown reaction was heated at reflux tor 
10 min. and most of the solvent was removed under reduced pressure. The 
reaction mixture was then extracted with methylene chloride three times. The 
combined organic phase was washed with saturated sodium metabisulfate 
solution, water, and brine, and dried over MgSO*. The crude product was 
obtained as brown viscous oil and was purified by column chromatography on 
silica gel with 20:80 ethenhexane as eluent. The pure product was obtained as 
light green-yellow solid 20.2 g (48% yield). ] H NMR (CDCI3) 5 (ppm): 0.82- 
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0.89 (m, 12.H, CH 3 ) a 1.26-1.43 (rn, 16H), 1.60-4.66 (rn, 2H), 1.85 (s, br a 2H, OH), 
3.72 (d, J - 5.5 Hz, 2H, OCHi), 4.89 (s, 4H, benzylic), 6,84 (d, J - 2.0 Hz, 2H), 
7.00 (del, J i = 9.3 Hz, J 2 - 2.2 Hz, 2H), 7.47 (d s J = 7.9 Hz, 4H, phenyl ring), 7.52 
(d, J — 9.7 Hz, 2H) } 7.6 1 <d, J = 7.8 Rz, 4 H, phenyl ring); I3 C NMR (CDCb): 
11.17, 14.03, 23.00, 23.89, 29.08, 30.64, 39.16, 65.37, 70.17, 103.90, 120.07, 
126.98, 127.13, 126.07, 129.56, 131.46, 134.74, 138.95, 139.85, 155.71; Mp, 
1 10-112 °C; FD-MS:ni/z646(M f ). 

Example 4: synthesis of 2>bis(2-ethylhexyloxy>9,10-di(4- 
bromomethyrplienyl)atithracen& (compound 4) 

Compound 3 (4.40 g, 6.8 ramol) was dissolved in 25 mL of 
anhydrous THF and cooled to 0 S C. PBr 3 (1 .3 mL, 1 7 mmol) was added dropwise. 
The reaction was stirred at room temperature overnight and then quenched with 
water, extracted with methylene chloride. The combined organic phase was 
washed with brine and dried over MgSO*. The crude product was purified by 
column chromatography on silica gel using 15:85 CH 2 Cl 2 :hexane as eluentto give 
3,90 s of yellow crystals (74% yield). l H NMR (CDCla) 5 (ppm): 0.82-0.88 (m, 
12H. CH 3 ) 5 1.23-1.42 (m : 16H), 1.61-1.69 (m 5 2H) 3 3.71 (d, J - 5,7 Hz, OCH 2 ) f 
4.67 (s, 4H, benzylic), 6.78 (d, J - 2.4 Hz, 2H), 7.00 (dd, J, - 9.5 Hz, J 2 -2.4 Hz, 
2H), 7.43 (d, J - 8.0 Hz, 4H> phenyl ring), 7.49 (d, J - 9.5 Hz, 2H), 7.62 (d, J = 
8.0 Hz, 4H, phenyl ring); l3 CNMR(CDQ0: 11.15, 14.06,23.04,23.88,29.03, 
30.62,33.46, 39.06, 70.36, 103 .83, 120.29, 126.81, 127.98, 129.27, 129.53, 
131.68, 134.40, 136.91, 139.84, 155,80; M.p. 105-107 ^C; FD-MS: mJz 772 
(M + ). 

Example 5: synthesis of 2,6~bis(2-ethy]hexyloxy)-9,i 0-di(4- 
mefhylenediethylphosphate phenyl)anthiacene (compound 5) 

Compound 4 (3.80 g, 4.9 mmol) and triechyl phosphite 95 mL, 29 
mmol) were placed in a 50-mL round-bottomed ilask and heated to 100 °C for 4 
hours. After cooled to room temperature, the product was recrystallizcd mom 
hexane to give 3.94 g of cream color fine needle crystal (90% yield). ] H NMR 
(CDCl 3 )S(ppm): 0.83-0.89 (m, 12H,CH 3 ), 1.27-1.43 (m, 28H), 1 .59-1.66 (m, 



32 



(67) #H 2002-93582 



2H) S 3.34 (d, J - 41.7 Hz, 4H, benzylic), 3.7! (d, J - 5.3 Hz, 4H, OCH^ 4.08- 
4.18 (m, P(0)OCH 2 , 8H), 6.84 (d, J - 2.3 Hz, 2H), 6.99 (dd, J, =; 9,5 Hz, J 2 =2.4 
Hz, 2H), 7.42 (d, J - 7.8 Hz, 4H, phenyl ring), 7.48 (d, J - 9.5 Hz, 2H). 7.55 (dd, 
Ji - 8.0 Hz, J 2 - 2.2Hz : 4H, phenyl ring); l3 C NMR (CDCtj): 1 1 .21, 14,04, 
16.46, 16.54, 23,01, 23,92, 29.14, 30.66, 32.89, 34.72, 39.37, 62.20, 62.29, 70.02, 
103,95, 120.00, 127.00, 128.06, 129.56, 129,99, 130.08, 130.71, 130.83, 131.44, 
131,47, 134.67, 138.12, 138.17, 155.76; M.p, 94-96 °C; FD-MS: m/z 886 (M + ). 
Example 6: synthesis of 2,5-bts(2-D<hyIKexybxy)-9 ) 10-di(4- 
formylphenyQmithracene (compound 6) 

Compound 3 (1 0.0 g, 0.0 1 5 mol) was dissolved in 1 80 mL of 
methylene chloride and pyridinium chlorochromate (PCC) (8.0 g, 0.037 mol) was 
added. The reaction was stirred at room temperature overnight. The reaction was 
quenched with 100 mL of water and stirred for 1 h. The deep brown reaction 
mixture was filtered through a pad of eclite and was extracted with methylene 
chluride three times. The combined organic phase was washed with dilute HC1 S 
water, and brine, and dried over MgS0 4 . The crude product was purified by 
column chromatography on silica gel with 1 : 1 CH 2 CJ 2 :hexane as eluent to give 
pure product as bright yellow crystals 7.0 g (70% yield). ] HNMR (CDC1 3 ) 5 
(ppm): 0.32-0.SS (m, 12H, CH 3 ), 1.20-1 .43 (m, 16H}, 1.60-1.63 (m. 2H), 3.70 (d, 
J - 5.5 Hz, OCHa). 6.73 (d. J - 2.2 Hz, 2H), 7.04 (dd, J, - 9.5 Hz, J 2 =2.4 Hz, 2H), 
7.44 (d, J - 9,5Rz, 2H), 7.67 (d, J - 8.0 Hz, 4H, phenyl ring), 8.15 (d, J - 8.0 Hz, 
4H, phenyl ring), 10.21 (s, 2H, aldehyde); l3 C NMR (CDCli): 11.13,14.02, 
22.97, 23.87, 29.07, 30,59 5 39.12, 70.22, 103.37, 120.80, 127.59, 129.12, 130,00, 
132.03, 134,01, 135,69, 14638, 156.10, 192.00; M.p. 125-127 °C; FD-MS: m/z 
642 (NT), 

Example 7: synthesis of dimethyl 2 J 5-hi.s(diphenyIamino)-3 s 6- 
dihydroterephtFnalate (compound 7) 

Dimethyl succinylo succinate (DMSS, 50 g, 0,22 mol) is placed 
into a round-bottomed flask. Aniline (t 00 ml) is used in excess as a solvent and 
the reaction mixture is heated to 100* C for 2 hours during which a solid 
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precipitated out of solution. TLC analysis {CH 2 a 2 :Hexatic/l;l) showed the 
presence of DMSS so the reaction temperature was increased to 120° C and stirred 
for additional 4 hours. The reaction was cooled, and EtOH was added. The 
product was collected by vacuum filtration, The crude product was washed with 
additional EtOH until washings were almost colorless. The product was oven 
dried to give an orange solid 82 g (quantitative yield). l H NMR (CDC! 3 ) 6 (ppm): 
3.39 (s f 4H), 3.65 (s, 6H, COOCH 3 ), 7.09-7.38 (m, 10H 3 aromatics), 1 0.62 (s, 2H S 
HH); ,3 CNMIc(CDCI-v): 27,65, 50,84,88.71, 124.63 3 124.75, 129,12, 139.35, 
156.74, 169.31; M.p. 236-238 °C; FD-MS. irVz 378 (M 4 ). 
Example 3: synthesis of dimethyl 2,5-bis{diphenylaniino)terephthalate 
(compound 8) 

Compound 7 (80 g, 0.21 mot) was dissolved in CH 2 C[ 2 and heated 
gently during which the solution turned dark red in color. TLC 
(CH 2 Ch:hexane/l r 1) was used to monitor the reaction. Once all starting material 
was gone, OLCl 2 was partially removed by rotary evaporation and replaced with 
EtOH, Once all the CH 2 C\ 7 was removed, the red solid was collected by vacuum 
nitration while hot and washed with EtOH until washings are almost colorless. 
Product was collected and oven dried to give 73 g red solid (92 % yield). ). r H 
NMR (CDC! 3 ) 5 (ppm): 3.83 (s, 6H, COOCH 3 }> 7.00-7.34 (m t 10H, aromatics), 
8.D0 (s, 2H> aromatics), 8.56 (s, br, 2H, NH); ,3 C NMR (CDCl 3 ): 52.20, 1 18,58, 
118.96, 119.71, 122.06, 129.38, 137.71, 141.86, 167.78; M.p. 164-166 °C; FD- 
MS: m/z 376 (M + ). 

Example 9: synthesis of dimethyl N,N,NSNMctraphcnyI 2,5- 
cliaminoterephtlmlate (compound 9) 

Compound 8 (40 g, 0. 1 1 mol), iodobenzene (200 ml, 1 .79 mol), 
K 2 C0 3 (20 g, 0.14 mol) s and copper (1,4 g, 0.022mol) were all placed in a round- 
bottomed flask under N 2 . The mixture was heated at 1 85° C for 24 hours. TLC 
(CH 2 CI 2 :hexane/3 :l) indicated the completion of the reaction. The reaction was 
cooled and CH 2 C1 2 was added. After filtering and washing with CH 2 C1 2 , (he 
filtrate was concentrated to give a suspension. EtOH was added and the resulting 
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precipitate was collected by Filtration and washed with EtOH. The product was 
oven dried to give a yellow solid 45 g (80 % yield). J H NMR (CDCi 3 ) 5 (ppm): 
3.35 (s, 6H, COOCH 3 ), 6.96 -7.28 (m, 20H, aromatics), 8.44 (s, 2H, arotnatics); 
l3 C NMR(CDCb): 51.94, 122.69, 123.00,129.18, 131.00, 132,47, 142.17, 147.32, 
166.76; M.p. 249-251 n C; FD-1VTS: rn/z 528 (M*). 
Example 10: synthesis of l,4-dihydro.xymethyM,5-bis(N s N- 
dipheny]amina}t)enz;eiie (compound 10) 

Li A1H 4 (6.4 0.17 mol) was placed under N 2 in a round-bottomed 
flask equipped with a reflux condenser. The flask was charged with anhydrous 
THF {400 ml) and the suspension was cooled to 0° C. Compound 9 (40 g, 0.076 
mol) was added in portions over 60 rain. The mixture was wanned to room 
temperature for I 5 min. and then refluxed for 45 rain. TLC (CH 2 Cl 1 :hcxano'2 : 1 ) 
the completion of the reaction. The reaction was cooled to 0° C and quenched 
carefully with water. After stirring for 30 minutes, ether was added. The aqueous 
layei was extracted 4 times with ether. The combined organic phase was dried 
over Na- 2 S0 4 and concentrated to give a brown solid. This solid was recrystallized 
from toluene to give a yellow solid 34 g (95% yield). AA8790-I38). 4.36 (s,4H, 
ben 2 y!ic), 7.00-7.50 (m, 22H, aromatics); Mp. 208-210 *C; FD-M5: rn/z 472 
(M + ). 

Example U: synthesis of 2,5-bis(N,N-dipheyjainirio)- 
terephthaldkarboxyaldehyrle (compound 11) 

Pyridiniurn Chlorochromate (PCC, 30 g, 0.064 mol) and anhydrous 
CH 2 C1 2 (350 ml) are placed in a flask under N 2 . Compound 10 was added in 
portions during which time the mixture turns black. TLC (CH 2 Clj:hexano'l :1) 
indicated the disappearance of the starring material after 90 minutes while a new 
red spot appeared. The entire reaction mixture was filtered over a pad of celite on 
a fritted funnel. The funnel is washed thoroughly with CH 2 C1> until the washings 
are almost colorless. The filtrate was concentrated and purified using column 
chromatography (CH 2 Cl 2 :hexane/l : j). After concentrating the pure fractions from 
the column, hexane was added and the product was collected by vacuum filtration 
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and washed with additional hexane. The product was oven dried to give a dark 
red crystalline solid 2 1 .5 g (72 % yield). ] H NMR (CDCb) 5 (ppm): 7.01-7.06 
(m, 12H), 7.24-7.29 (m, SH), 7.61 (s, 2H), 10.13 (s, 2H); ); l3 C NMR (CDC1 3 ): 
123.13, 123.53, 129.10, 129.80, 136.49, 146.49, 148.34, 189.51; M.p. 260-262 
°C; FD-MS:tn/z468(M + ). 

Example 12: synthesis off l,5-bis(hexyIoxy)naphth»lcric {compound 12) 

To a 500 mL round-bottomed flask were added 1 ,5- 
dihydroxynaphthalene (15,0 g, 0.094 mo 1), potassium carbonate (27.2 g, 0.2 mol), 
n-hexylbromide (32.5 g } 0.2 mol), and 200 -mL of DMF. The reaction was heated 
to 90 C C overnight, cooled to room temperature, and poured into 700 mL of water. 
The dark brown precipitate was filtered and washed with methanol. The crude 
product was re-fluxed in methanol and then filtered to give light green solid 25.2 g 
<S0% yield). 'H NMR (CDCb) 5 (ppm): 0.92 (t, J = 6.5 Hz, 6H), 1.35-1.41 (rn, 
8H) S 1 .52-1.57 (m, 4H), 1.S5- 1 .92 (m, 4H), 4. 10 (t, J - 6.4 IIz, 4H), 6.8 1 (d> J - 
7.6 Hz, 2H), 7,30-7.36 (m, 2H), 7.84 (d, J = 8.3 Hz); Mp. 92-93 °C. 
Example 13: synthesis of l^bisCbromomethy^^.S-his^exylcxy^aphthalene 
(compound 13) 

Compound 12 (10.0 g, 0.030 mol) and paraformaldehyde (L92 g, 
0.064 mol) were dissolved in 10 mL of acetic acid andHBr in acetic acid solution 
(33% in acetic acid 3 12.3 mL, 0.064 mol). The reaction was heated at 50 C C for 5 h 
and cooled to room temperature The greenish precipitate was filtered, washed 
with water, methanol, and dried. The crude product was recrystallized from 
hexane to yield off-white needle like crystal 14.7g (94% yield). ). *H NMR 
(CDC1 3 ) 5 (ppm): 0.92 (t, J -6,5 Hz, 6H), 1.36-1 .41 (m, 8H), 1.51-1.57 (m, 4H), 
1.99-2.09 (m, 4H), 4.13 (t, J - 6.4 Hz, 4H) 5 531 (s, 4H), 6.84 (d, j = 8.2 Hz, 2H), 
7.37 (d, J-8.2I-Iz.2H); M.p. 105-107 °C. 
Example 14: synthesis of 4,8-bishexyloxyl-l > 5- 
bis(methylenedkthylpho5phate)naphthakne (compound 14) 

To a 50 mL round-bottomed flask were added compound 13 (0.0 g. 
0,0 17 mol) and lriethyl phosphite (7.5 mL, 0.044 mol). The mixture was heated to 
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1 00 °C for 4 hour 1 ; and cooled to room temperature. The crude product was 
purified by column chromatography on silica gel using 10:90 acetone; in ethylene 
chloride as ati duent to give light brown solid which was rccryslallized from 
hexane to give pure product as off-white needle like crystals 6.5 g (59% yield), *H 
NMR. (CDCI3) 6 (ppm): 0,92 (t, J - 6.8 Hz), 1 .08 (t> J = 7,1 Hz), 1 .36- 1 .41 (rn, 
SH), 1.47-1.54 (m, 4H), 1.95-2.05 (m, 4H) 3 3.75-3.91 (m, 8H), 4.06-4. 14(d and t 
overlap, &H, benzylic and OCH2X 4,14 (3, 4H) } 6.80 (d, J - 8.2 Hz, 2H), 7.23-7.27 
(m,2H); 1J C NTvIR (CDCI3): 13.94, 16,23, 16.31,22.52,25.94,28.84,31.60, 
33.92, 35.76, 61.34,61.43, 68.84, 106.28, 106,29, 1 19.77, 119.92, 130.14, 130.24, 
156.04; M.p. 80-82 °C; FD-M5: m/z 62S (NT). 

Example 15; synthesis of 2,6-bLs(hexyluxy)nap3ithalenc (compound 15) 

2,6-Dihydroxynaphthalene (30.0 g, 0.19 mol) reacted with n- 
heaylbromkle (97.5 g, 0.59 mol) in the presence of potassium carbonate (81.6 g, 
0.59 mol) in 400 inL of DMF at 90 °C overnight. The reaction was poured into 
700 mL of water and the precipitate was filtered, washed with water and methanol, 
and dried. The crude product was recrystallizcd from methanol to give light gray 
solid 41 .3 g (67% yield). ] H NMR CDC1 3 ) 8 (ppm): 0.91 (t, J = 6.9 Hz, 6H), 1 .32- 
1.40 (m, 8H), 1.44-1.54 (m, 4H), 1.77-2.86 <m, 4H), 4.02 (t, J =6.6 Hz, 4H), 7,06- 
7.12 (m, 4H), 7.60 (d, J = 8.S Hz, 2H); M.p. 78-79 °C. 

Example 16; synthesis of l^-bisCbrornomethylJ-Z^-bis^exyloxjOnaphthalene 
(compound 16) 

Compound 1 5 (9.0 g, 0.030 mol) and paraformaldehyde (1.87 g, 
0.062 mol) were dissolved in 40 mL of acetic acid and HBr in acetic acid solution 
(30% in acetic acid, 1 2,4 mL, 0.062 mol). The reaction was heated at 50 °C for 5 h 
and cooled to rootn temperature, The light purple precipitate was filtered, washed 
with water, methanol, and dried. The crude product wag recrystallizcd from 
hexane to yield off-white needle like crystal 9,0 g {58% yield). ). ! H NMR 
(CDd 3 )S (ppm): 0.93 (t, J= 6.9 Hz, 6H), 1.37-1,42 (m, 8H), 1.51-1.61 (m,4H), 
1 .84- L93 (m, 4H), 4. 1 8 (t, J - 6.4 Hz, 4H), 5.07 (s, 4H) S 7.35 (d, J = 9.3 Hz, 2H) 3 
8.03 (d, J - 9.3 Hz, 2H); M.p. 1 10-112 C C. 
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Example 17: synthesis of 2,6-bis(hexyloxy)-i,5- 
bte(methylenediethyIphosphate)naphthaleiie (compound 17) 

To a 50 ml round-bottomed flask were added compound 16 (S.O g, 
0.16 mol) and tri ethyl phosphite (13 mL, 0.078 mol). The mixture was heated to 
100 3 C for 4 hours. Excess of tiethyl phosphite was distilled off. The crude 
product was purified by column chromatography on silica gel using 10:90 
acetone:methylene chloride as an eluent to give light orange solid which was 
recrystallized from hexane to give pure product as off-white needle like crystals 
5.0 g (51 % yield). l H NMR (CDCI 3 ) 5 (ppm): 0.92 ft J = 7.0 Hz, 6H), 1. 15 ft J 
- 7.0 Hz, I2H), 1.34-1.53 (m, 12H), 1.79-1 .89 (m, 4H), 3,71 (d, J = 22.0 Hz, 2H), 
3.91-3,96 (m, 8H), 4.10 ft J= 6-6 Hz>4H), 7.2S (d, J = 9.5 Hz, 2H) t 8.02 (d, J - 
9„5Hz, 2H); U C NMR (CDC1 3 ): 13.99, 16.25, 16.33,22,60,25.78,29.68,31.64, 
61,75, 61,84,69.41, 1 13.73, 1 13,88, 114.66, 114.70, 125.12, 125.20, 123.78, 
152,81; M,p,10l-102°C; FD-MS: m/x 628 (M + ). 

Example 18: synthesis of 2 ) 6-dibromo-l,5~bis(hexyIoxy)iiaphthalene 
(compound 18) 

1,5-DilTydroxynaphthalene (20.0 g, 0.125 mol) was dissolved in 
400 mL of acetic acid and cooled to 0 °C, To this solution was added bromine 
(40. 1 g, 0.250 mol) dropwise. The reaction was stirred at room temperature for an 
hour after addition and cooled in ice bath. The crystals were collected by 
filtration, washed with water, and dried to give light gray solid 2,6-dibromo-l ,5- 
dihydroxynaphthalene 36. 1 g (90% yield). The product (36.0 g, 0.1 14 mol) was 
mixed with sodium raethoxide (13.0 g, 0.24 mol), and iodohexane (50.0 g, 0.24 
mol) in 320 mL of methanol. The mixture was refluxed overnight and cooled to 
room temperature. The dark solid was collected, washed with water and 
methanol* and dried. The crude product was dissolved in methylene chloride and 
then passed through a short pad of silica gel to remove the dark polar impurities. 
The product was then recrystallized from methanol to give white flaky crystals 
25.5 g (60% yield), 'h NMR (CBC1 3 ) 5 (ppm): [ H NMR (CDCI3) 6 (ppm); 0.93 
ftJ-6.8IIz, 6H) S 1.36-1.41 (m, 8H), 1.55-1 .dO (m, 4H), 1.88-1.98 }m, 4H), 4.06 
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(t, J - 6.6 Hz, 4H), 7.53 <d ; J - 9.0 Hz, 2H) } 7.73 (J = 9.0 Hz, 2H); 13 C NMR 
{CDC1 3 ): 14,03,22.61,25.69, 30.23,31.69, 74.62, 113.73, 119.31", 130.11, 131.03, 
I4S.04, 152,86; M.p,4i-43°C; FD-MS; m/z 4S6 (M + ), 

Example 19: synthesis af l,6-bis(hexyloxy)iiaph*haleiie«2,6-dkarboxaldehyde 
(compound 19) 

Compound 18 (13.0 g, 0.027 mol) was dissolved in 1 10 nxLof 
anhydrous THF and cooled to -78 °C under dry nitrogen. To this solution was 
added slowly nBuLi solution (2.5 M in hexane, 32 mU 0,080 mol) via a syringe to 
maintain the temperature lower than -60 °C. After addition the solution was 
stirred at -78 °C for lh. Anhydrous DMF (17 mL, 0.21 mol) was added via a 
syringe. The reaction was stirred at room temperature overnight. The reaction 
was quenched with water and extracted with ether (3x 100 mL). The organic phase 
was washed with brine and dried over MgSO*. After removal of the solvent the 
crude product was recrystallized from hexane to give 6.72 g of product as light 
yellow powder (65% yield), 'h NMR (CDCh) 5 (ppm): 0,93 (t, J = 6.7 Hz, 6H, 
CH 3 ), 1 ,37- I .42 (iru 8H, alky]), 1 ,55 - 1 .60 (m, 4?F, ahcyl), 1 .05 -2.00 (m, 4H, 
alkyO, 4.15 (t, J » 6.7 Hz, 4H : OCH 2 ), 7.92 {d, J = 8.8 Hz, 2H, naphthyl), 7.89 (d, 
J - 8.8 Hz : 2H, naphthyl), 10,60 (s, 2H, CHO); * 3 CNMR (CDClj): 14.01,22.59, 
25.65,30.25,31.63,79.50, 119.53, 123.69, 127.51, 133.19, 161.56, 189.51- M,p. 
50-52 °Q FD-MS: ra/z 384 (NT). 
Example 20: synthesis of l^-bis^exyloxy^Z^- 
bis(liyclroxymet:hyl)naphthaIene (compound 20) 

To 30 mL of methanol and 20 rnL of methylene chloride was added 
sodium boron hydride (1 .90 g, 50 mmol) at 0 T. The mixture was stirred for 10 
min and dialdehyde compound 19 (3.25 g, 8.4 mmol) dissolved in 10 mL of 
methylene chloride was added slowly through an additional dinneL The reaction 
was stirred at room temperature overnight and quenched with 30 mL of 1 M KOH 
and stirred for 30 mm. The reaction was extracted with methylene chloride 3 
times, washed with water, and dried over MgSO*. The crude product was an off- 
white solid and was pure enough for next step, 2.91 g (88% yield). l H NMR 
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(CD CI 3) 5 (ppm): 0.93 (t, J = 6.8 Hz, 6H, CHj), 1 ,37-1 .42 (m, 8H, alkyi), J .51- 
1 .58 (m, 4H, alkyl), 1.87-1 ,97 (m, 4H, alkyl), 2. 1 9 {s, br ? 2H, OH), 4.00 (t, J - 6.7 
Hz, 4H, OCH 2 ), (s, 4H, ben7y1ic), 7.50 (d, J= 8.6 Hz, 2H, naphthyl), 7.84 (d, 
J - 8.6 Hz, 2H, naphthyl). 

i£xampel 21: synthesis of 2 > 6-bis(brDmomethyI)-l,5-bis(hcxy]oxy)Haphthaleiie 
(compound 21) 

Dialcohol compound 20 (2.90 g, 7,5 rnmol) was dissolved in 15 
mL of anhydrous THF and cooled to 0 °C. To this solution was added PBr 3 ( 1 .7 
mL, 18 mmol) in 5 mL of THF, The reaction was stirred at room temperature 
overnight, quenched with water, and extracted with ether. The crude product was 
purified by column chromatography on silica gel using 5:95 ethenhexane as an 
eluent to give light yellow crystal 2,61 g (68% yield). 1 H NMR (CDClj) 6 (ppm); 
0,94 (t, j - 6.8 Hz, 6H, CH 3 ), 1 39- 1 .44 (m, 8H S alkyl), 1 .55-1.62 (m, 4H t alkyl), 
1.92-2.01 (m : 4H 9 alky!), 4.10 (t, J = 6.6 Hz, 4H, OCH 2 ), 4.73 (a, benzylic, 4H), 
7.49 (d, J = 8.7 Hz, 2H, naphthyl), 7.84 (d, J = 8,7 Hz, 2H, naphthyl). M.p. 58-60 
D C. 

Example 22: synthesis of t,5-bis(hexyloxy)-2,6~ 
r)ls(mcthylGnediethylphosphate)naphthalene (compound 22) 

Dibromo compound 21 (2.50 g, 4.9 rnmoi) and triethyi phosphite [2 
mL, 12 mmol) were mixed and heated at 1 00 °C for 4 h. The crude product was 
recrystallized from hexane to give white crystals and the mother liquor was 
purified by column chromatography on silica gel using 20:80 acetone:hexane as an 
eluent. Total yield 2.34 g (76 % yield). ! H NMR <CDCI 3 ) S (ppm); 0.94 ft J = 
6.8 Hz, 6H, CH.X 1.26 (t, J = 7.1 Hz, 12H, CH 3 ), L38-L43 (m, 8H, alkyl), 1.53- 
1.63 (m, 4H, alkyl), 1,88-1.98 (in, 4H, alkyl), 3.39 (d, J - 21.7 Hz, 4H, OCH 2 ), 
3.99-4.32 (m, 8H, POCH2), 7.55 (d, J=* 8.S Hz, 2H 3 naphthyl), 7.79 (d, J= 8.8 Hz, 
2H, naphthyl); ]3 C NMR (CDCI 3 ); 13.98, 16.28, 1 6.35, 22.59, 25.77, 26.14, 
27.99, 30.40, 31.72, 61.97, 62.06,75.09, 1 18.14, 120.62, 120.72, 128.30, 128.30, 
129.12,153.51,153.53,153.64; Mp,48-50 D C; FD- MS: m/z 628 (hf). 
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Example 23; synthesis of 9,9'-dihexyinuorene (compound 23) 

Fluorene (23.0 g, 0.14 mol) was dissolved in 200 mL of anhydrous 
THF and cooled to -78 °C. To this solution was added slowly n-BaU (2.5 M in 
hexane, 65 mL, 0. 16 mol) and the red solution was stirred at low temperature for 
an hour. n-Hcxyl bromide (27.4 g 5 0,1 7 mol) dissolved in 20 mL of THF was 
added to the above solution. The reaction was stirred at low temperature for 2 
hours and n-BuLi (2.5 M in hexane, 65 mL, 0.16 mol) was added again and the 
reaction was stirred for an houi. After that, n-hexyl bromide (27.4 g, 0, 17 mol) 
was added and the reaction was left stirring overnight. The green reaction was 
quenched with water, and the yellow solution wos extracted with ether. The 
combined organic phase was dried over MgS0 4 , The crude product was purified 
by vacuum distillation to yield pure product 42.3 g (93% yield) as clear viscous 
oil, l H NMR (CDClj) 5 (ppm): 0,57-0.66 (m, 4H), 0,75 (t, J = 6.7 Hz, 6H), 0.86- 
0.90(111, 4H), 1.02- 1.1 i <m,8H), 1.91-1,97 <m, 4H), 7.23-7.34 (m, 6H), 7.67-7.69 
(m, 2H); B C NMR (CDCl 3 ): 13.97, 22.57, 23.74, 29.73, 31.50, 40,42, 55.02, 
119.62, 122.83, 126.67, 126.96, 141J3, 150.69. 

Example 24; synthesis of 2,7-bis(broniomethyl)-9,9'-di<hexyI)nLiorene 
(compound 24) 

Compound 23 (1 5.0 g, 0.045 mol) and paraformaldehyde (13.5 g, 
0.45 mol) were dissolved in 90 mL of 30% HBr in acetic acid. The reaction was 
stirred at 70 °C overnight. The mixture was poured into 200 mL of water and 
extracted with methylene chloride. The crude product was purified by column 
chromatography on silica gel using hexane as an eluentto yield 1 1.2 g of pale 
yellow viscous oil. ! H NMR (CDCl 3 ) S (ppm): O.58-0.65 (m, 4H), 0.75 (t, J = 6.7 
Hz, 6H), 1 .03-1 .11 (m, 12H), 1.92-1.98 (in, 4H), 4.57 (s, 4H), 7.32-735 (m, 4H), 
7.61 (d, J-7.7Hz.2H); J3 C NMR (CDClj): 13.96 P 2245, 23.65, 29.51, 31.34, 
34.32, 40.07, 55. 14, 120.02, 123.66, 127.08, 136.91, 140.74, 151.66. 
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Example 25; synthesis of 2,7-bis(cyanomcthy l>9,9 '-diChexyOfluorene 
(compound 25) 

Compound 24 (6.85 g, 0.013 moi) was dissolved in 50 rnL of 
acetonitrile. To this solution was added potassium carbonate (4.55 g, 0.033 mol), 
dimethyicyano hydrine {3.0 mL, 0.033 mol), and 0.15 g of crown-13-6. The 
reaction was stiired at room temperature overnight. The reaction was diluted with 
water, and extracted with ether, The crude product was purified by column 
chromatography on silica gel using 10;90 ethyl acetate; hexane as an eluent to yield 
pure product as white crystals 2.8 g (51% yield), l II NMR (CDCl 3 ) 5 (ppm): 
0.58-0,65 (in, 4H), 0.75 (t, J = 6.7 Hz, 6H), 1.05-L15 (m, 12H), L93-1.99 (m, 
411), 3.84 (s, 4H), 7.28-7.32 (m, 4H), 7.68 (d, J - 7.7 Hz, 2H); I3 C NMR (CDC1 3 ): 
13.96, 22.54,23,73,23.91, 29.58,31.46,40.23,55.46, 120.43, 122.42, 126.81, 
128.93,140.32,151.97; M.p. 70-72 °C; FD-MS; m/z 412 (M + ), 
Example 26: synthesis of 3-{2-ethyIhexyI)thiophene (compound 26) 

Dty magnesium turnings { 1 0.2 g, 0.42 mol) and 40 mL of 
anhydrous THF were placed in a tbee-necked round-bottomed flask. A crystal of 
iodine was added to initiate the Grignard reaction. 2-Ethylhexyl bromide (79.0 g, 
0,41 raol) in 1 00 mL of anhydrous THF was then added drop wise to magnesium 
turnings. After the addition, the reaction was heated to reflux for 1 h, then cooled 
down to room temperature, and diluted with 100 mL of THF. In another flask 
were added 3-bromothiophene (50.0 g, 0,31 mol), [1,3- 

bis(diphenyjpho&phino)propane]dich]oronicke! (1.7 g, 0,003 mot), and lOOmL of 
THF and the flask was cooled in an ice-bath. The Grignard reagent was added to 
the above solution via a cannula. After stirring at room temperature overnight, the 
reaction was quenched with 2N HC1, extracted with ethyl ether. The combined 
organic phase mis washed with brine and dried over MgS0 4 . The crude product 
was purified by column chromatography on silica gel using hexane as an eluent to 
give 27.5 g pure product as light yellow liquid {46% yield). L H NMR (CDClj) 5 
(ppm); 0.84-0.89 (m, 6H), 1.19-1.33 (m, 8H), 1.53-1.57 (», 1H), 2.56 (d, j - 6.8 
Hz, 2H), 6.87-6.90^ 2H), 7.19-7.23 (m, 2H); l3 CNMR (CDCh): 10.S6, 14,12, 
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23.05, 25.70, 18.95, 32.58, .34, 40.46, 120,64, 124.79,128.80, 141.93; FD-MS; 
m/z 196 (NT). 

Example 27: synthesis of 2,5-bis(broinojnethyi)-3"<2-ethylhexyI)thiophene 
(compound 27) 

Compound 26 (7.0 g, 0,036 mol) and paraformaldehyde (2.57 g, 
0.086 mol) were dissolved in 3 inL of acetic acid and HBr solution (30% in acetic 
acid, 0.088 mol, 1 S mL), The reaction was stirred at room temperature under 
nitrogen overnight, The reaction was diluted with 200 mL of ethyl ether, washed 
with water, saturated NaHC0 3 solution and brine. After the solvent was removed, 
9.6 g of light brown oil was obtained {70% yield) which was almost pure and used 
for next step reaction with further purification, l H NMR (CDCi 3 ) 5 (ppm): 0.84- 
0.91 (m, 6H), 1.19-1,33 (m, 8H), 1.53-1.61 (m, 1H),2.45 (d,J-7.2H Z , 2H),4.63 
(s, 4H), 6.81 (s, 1H); U C NMR (CDCi 3 ): 10.89, 14.09, 23.01, 25.33, 25.89, 
26.66, 28.90, 32.73, 40.25, 130.49, 135.51, 140.00, 141.96; FD-MS: m/z380 

Example 28: synthesis of 2,5-bis(nncthylenediethylphosphate>3-(2- 
ethyiliexyl)thiophene (compound 23) 

Compound 27 (9.6 & 0.025 mol) and triethyl phosphite (10,8 mL, 
0,063 mol) were placed in a 1 00-mL round-bottomed flask and heated to 100 °C 
for 4 hours. The crude product was purified by column chromatography on silica 
^el using 25:75 acetonerhexane as an eluentto give 9.0 g of light yellow oil (72% 
yield). ] U NMR (CDC1 3 ) 5 (ppm): 0.82^0.S9 (m, 6H), 3.25-131 (in, 20H), 1.47- 
1.55 (m : 1H), 2.42 (d, J = 7.1 Hz, 2H), 3. 1 9-3.29 (m, 4H) f 4.01-4.1 1 (rn, SH), 6,70 
(s, 1H); I3 CNMR(CDC1 } ): 10,90, 14.10, 16.33, 16,45, 16.46, 23.0S, 25.70, 
2S.98, 32.66, 32.69, 32.70, 40.48, 40.48, 125.63, 129.37, 129.47, 139.91; FD-MS: 
m/z 496 (M 4 "). 

Example 29: synthesis of N-(2-ethylhexyl)carbazole (compound 29) 

To a three-necked flask were added 300 mL of anhydrous THF and 
NaH (6.0 g, 0.25 mol). To tihis suspension was added carhazole (33.4 g, 0.2 moi). 
TTie reaction was heated to 50 °C for 15 min and then cooled to room temperature, 
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2-EthylheKyl bromide (48.3 g, 0,25 mol) in 50 mL of THF was added slowly to 
the reaction. The reaction was heated under reflux overnight and cooled to room 
temperature. Most of the solvent was removed under reduced pressure and 300 
mL of water was added to the residue. The mixture was exacted with methylene 
chloride and (he combined organic phase was dried over MgS0 4 . The crude 
product was purified by column chromatography on silica gel using 7:93 ethyl 
acetate :hexane as an eiuent to give light yellow viscous oil 46.0 g (82% yield). ! H 
NMR (CDC1 3 ) 5 Cppm); 0.82-0.90 (m, 6H, CH^ 1 .26-1.36 (m, 8H) 5 2.00-2.09 (m, 
1H), 4.1 1 (dd, J, = 7.7 Hz, J 2 = 1.9 Hz, 2H), 7.17-7.45 (m, 6H), 8.07 (d 3 J= 7.8 
Hz, 2H). 

Example 30; synthesis of NK2-etliyIhexyI>-3,6-difojmyIcarbazoIe (compound 
30) 

To a 1-L round-bottomed flask were added 215 mL of anhydrous 
DMF and HO mL of dichloro ethane and the solution was cooled to 0 °C, To this 
solution was added slowly phosphorous oxychloride (128 mL, L4 mol). The 
mixture was stirred at room temperature for an hour and cooled to 0 °C. 
Compound 29 (20.0 g, 0.072 mol) was dissolved in 30 rnL of dichloroethane and 
added to the above mixture. The reaction was heated to 90 °C overnight, cooled 
to room temperature, poured into 2 L of water, and extracted with methylene 
chloride. The combined organic phase was washed with water, saturated KaHC0 3 
solution and brine, and dried over MgS0 4 . The crude product was purified by 
column chromatography on silica gel using 10:90 ethyl acetate :hexaae to give pure 
product bs off-white solid. l H NMR (CDClj) S (ppm): 0.82-0.87 (m> 6H S CH 3 ), 
1.26-1.43 (m, 8H), 2.03-2. 1 0 (m, 1H), 4.27 (d, J = 7.5 Hz, 2H), 7,54 (d, J - 8.5 
Hz, 2H), 8,09 (d. J = 8.5 Hz, 2H), S.6S (s, 2H), 10.14 (s, 2H). M.p. 109-1 1 1 °C. 

Synthesis of Polymers 
Example 3K General procedure for a Horner-Emmons reaction! 

Equimolar dicarboxyaldehyde and diphosphate monomers were 
dissolved la anhydrous THF under nitrogen. To this solution was added 2.5 
equivalent of Nail. The reacLion was stirred at room temperature overnight under 
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nitrogen. Small amount of benzaldehyde was added to endcap phosphate 
endgroup. The polymer was precipitated into methanol, filtered, re-dissolved in 
chloroform and precipitated twice more from methanol. The resulting polymer 
was dried under vacuum at 45 °C overnight. 
Example 32. General procedure for a Knoevenagd reaction: 

Equimolar dicarboxyaldehyde and dicyano monomers were 
dissolved in a mixed solvent of 1: ! anhydrous THF and t-butyl alcohol under 
nitrogen. To this solution was added catalytic amount of potassium t-butoxide k 
The reaction was stinted at room temperature overnight under nitrogen, The 
polymer was precipitated into methanol, filtered, re-dissolved in chloroform and 
precipitated twice from methanol The resulting polymer was dried under vacuum 
at 45 *C overnight. 

EL Device Fabrication and Performance 

Example 33 

An EL device satisfying the requirements of the invention was 
constructed in the following manner. The organic EL medium has single layer of 
polymer (bin film. 

a) An indiuni-tin-oxide (ITO) coated glass substrate was sequentially 
ultra-sonicated in a commercial detergent, rinsed with deionized water, 
decreased in toluene vapor and exposed to ultraviolet light and ozone 
for a few minutes. 

b) A toluene solution of a polymer was filtered through a 2 um Teflon 
filter. The polymer solution was then spin-coated onto ITO under a 
controlled spinning speed, The thickness of the polymer film was 
between 500-700 Angstroms. 

c) On the top of the polymer film was deposited a cathode layer of 2000 
Angstroms thick consisting of a 10: 1 atom ic ratio of Mg and Ag. 

The above sequence completed the deposition of the EL device. 
The device was then hermetically packaged in a dry glove box for protection 
against ambient environment. 
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Tabic 1 summarizes (he characterization of the polymers prepared 
according to the present invention. The synthesized polymers show high T g and 
Td. Absorption and emission spectra were obtained from dilute solutions and 
photohuninesuence (PL) spectra from solid thin films of the polymers and EL 
spectra from ITO/polymer/Mg; Ag EL devices. The fabrication of EL devices was 
illustrated in example 33. FIGS. 4 and 5 show the absorption, emission, PL and 
EL spectra of polymers 17 and 70 respectively. The voltage-current characteristics 
of the EL device of polymer 17 is shown in FIG 6, 

Table 1, Characterization of polymers according to Examples, 



Polymer 




T g (°C) 


T d (°C) 


Absorption 
(kma* nxn) * 


Emission 
(A-iiu* mn) b 


EL (?wnm) 


75 


17400 


NO 


389 


434 


486 


500 


17 


4270 


80 ' 331 


361 


470 


480 


10 


33900 




345 


406 


493 


ND* 


21 


11200 


114 


356 


403 


476 


500 


70 


9630 


NO 


397 


371 


486 


500 


3 


39S0O 


NO 


391 


441 


485 


ND 


15 


20600 


NO 


391 


373 


438 


ND 


119 


S190 


149 


392 


361 


472 


ND 


45 


9740 


91 


344 


429 


476 


500 


111 


8160 


168 


390 


437 


577 


ND 


77 


184000 


175 


390 


430 


53D 


572 


114 


79800 


128 


388 


409 


497 


540 


91 


15100 


119 


393 


374 


508 


620 



" weight average molecular weight, determined by size exclusion chromatography 
in trichlorobenzene using polystyrene standard. b measured in solution c not 
observed rf not determined. 
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4, Brief Description of Drawings 

FIG. 1 illustrates in cross-section a bi-layer EL device which can 
use a polymer in accordance with the present invention; 

FIG. 2 illustrates a cross-section of a modified bi-layer EL device 
which can use a polymer in accordance with the present invention; 

FIG. 3 illustrates a cross-section of a single-layer EL device which 
can use a polymer an accordance with the present invention; 

FIG. 4 illustrates the absorption, emission, and photoluminescence 
spectra of polymer 17 and electro luminescence spectrum of single-layer EL device 
fabricated from polymer 17; 

FIG, 5 illustrates the absorption, emission, and photoluminescence 
spectra of polymer 70 and electroluminescence spectrum of single-laycr EL device 
fabricated from polymer 70; and 

FIG. 6 illustrates the voltage-current density and luminance 
characteristics of a single-layer EL device fabricated from polymer 17. 
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PARTS LIST 

10 substrate 

20 anode layer 

30 hole transport layer 

40 electron transport layer 

50 EL medium 

60 • cathode 

100 substrate 

200 anode 

300 hole transport layer 

400 emissive layer 

5 00 electron transport I ayer 

600 EL medium 

700 cathode 

1000 substrate 

2000 anode 

3000 em itting layer 

4000 cathode 
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FIG. 3 




INTENSITY (an) 




INTEENSITY (au) 
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120 




VOLTAGE IV) 



FIG. 6 
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1, Abstract 

An electroluminescent device includes an anode, a cathode, and a 
polymer luminescent material disposed between the anode and cathode, the 
polymer luminescent material includes diphenylanthracene-based conjugated 
polymer of the following fonnula: 




wherein: 

substituents R|, R 2j R 3 , and are each individually hydrogen, or alkyl or 
alkoxy of from 1 to 24 carbon atoms; aryl or substituted aryl of from 6 to 28 
carbon atoms; or heteroaryl or substituted heteroaryl of from 4 to 40 carbons; and 
R 5 and R 6 are independently hydrogen, alkyl group of from 1 to 24 carbon atoms, 
or aryl or substituted aryl of from 6 to 28 carbon atoms, or heteroaryl or 
substituted heteroaryl of from 4 to 40 carbons, or a cyano group and Ar is an aryl 
or substituted aryl of from 6 to 40 carbon atoms; or a heteroaryl or substituted 
heteroaryl of from 4 to 40 carbons. 
2. Representative Drawing 

Fig, 1 



